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Output Frequency 
Group With Respect to 
Input Frequency 


SC3306 
SC3308 
$C3318 


| Applied Micro Circuits Corporation 
Page 1-4 6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AIMbEG 


PRODUCT SELECTION GUIDES 


Input 
Description Reference 


Multiphase 
CLK 
Generator 


Multiphase 
CLK 
Generator 


Multiphase 
CLK 
Generator 
with PECL I/O 


Generator 7 x 4 Banks 
with Delay of 3 Outputs 


Adj. & Invert 
3 x 3 Banks of} _ 
2 Outputs 
2 


-3 


Clock Multiply 2-32 5-4 
Synthesizer Divide 2-16 
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PRODUCT SELECTION GUIDES 


Equivalent 
Part Gates Number Structured 
Number Technology (Full Adder Method) of I/O Array Blocks 


Page 
20004 671 8 | None | 83 | 
20010 1469 | None | 83 


2 

3 1 GHz PLL 8-15 
51 1 GHz PLL 
r 
4 

3 

1 


2 

162 = 

4 

4 
| None | 8:25 | 

32 

2 


160 | None | 8.25 
226 8:25 
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CAPABILITY SUMMARY 


Company Overview 


AMCC defines, develops, manufactures and markets 
high performance application specific standard prod- 
ucts (ASSPs) and application specific integrated cir- 
cuits (ASICs) . 


AMCC has over ten years of specific expertise in bipo- 
lar and BiCMOS semicustom design methodologies 
and process technologies, and extensive knowledge of 
the semiconductor industry. This expertise, when com- 
bined with a focus on systems level problem solving, 
enables AMCC to rapidly design, prototype and pro- 
duce in volume, targeted high performance, systems 
oriented integrated logic circuits (ICs). 


Since 1982, AMCC has designed and produced five 
generations of semicustom bipolar ECL logic arrays 
and two generations of BICMOS logic arrays. AMCC 
ASIC expertise includes its mixed ECL/TTL interface, 
phase-locked loop (PLL), precision vernier, “Turbo” 
drivers, skew control, high-speed VCO and controlled 
edge rate output. AMCC uses its ASIC methodology to 
quickly and cost effectively implement standard prod- 
ucts—the ASSPs. ASSPs include precision clock and 
timing and telecom/datacom high performance network 
products. 


AMCC’s long-standing focus on high performance 
semicustom ICs has enabled the Company to cement 
long-lasting relationships with many industry leaders. 
Through these relationships, AMCC has developed ex- 
tensive systems expertise in data communications, 
telecommunications, computers and computer support, 
bus interface and test and instrumentation. AMCC has 
earned a reputation for producing high quality products. 


Strategic Partnerships 


AMCC manufactures its own 1.0 micron BiCMOS and 
Bipolar wafers using proven processes. The Company 
follows a “semi-fabbed” manufacturing strategy. AMCC 


has reciprocal foundry relationships in place with major: 


domestic and international semiconductor partners that 
provide for significant additional production capacity. 
Wafer purchases from strategic foundry partners both 
expand capacity and provide alternate sources. 


Additional high-volume assembly and test facilities are 
located offshore. 


AMCC’s “quick turn, semi-fabbed” manufacturing ap- 
proach blends together the strengths of both the 
“fabbed” and “fabless” semiconductor strategies. 
Fabbed advantages include the security of total in- 
house control and time to market. Fabless advantages 
include multiple sourcing and allows the company to 
focus investment on new high performance products. 


AMCC has long recognized that in an increasingly 
competitive semiconductor marketplace, no one com- 
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pany can excel in every discipline. As a result, the 
Company has a successful history of strategic partner- 
ships in both process and product development that 
continues today. Many of the Company’s ASSPs have 
been co-developed through partnership agreements. 


Network Products 


High performance networking encompasses a wide 
range of applications, all requiring data transmission 
rates from > 100 Mbit per second to 1 Gbit per second, 
and beyond. These applications include computer data 
transmission, fiber-optic telecommunications transmis- 
sion systems, digital video broadcasting and many more. 


AMCC’s network products are designed in tandem with 
emerging industry standards. AMCC has introduced 
more than 15 ASSP products designed to implement 
ANSI or CCITT approved communications standards 
such as the High Performance Parallel Interface 
(HIPPI), Fibre Channel, the Synchronous Optical Net- 
work (SONET) and Asynchronous Transfer Mode 
(ATM) telecommunications standards. 


AMCC’s close working relationship with the companies 
developing and proposing these standards has helped 
AMCC to garner an excellent position in the high- 
speed networking arena. AMCC’s HIPPI chipset, for 
example, was the industry’s first complete implementa- 
tion of the HIPPI specification. The Fibre Channel and 
SONET chip sets provide a highly integrated, rapidly 
implemented interface solution. These joint projects al- 
low AMCC to remain at the forefront of the emerging 
network technologies. 


Computer Products 


AMCC provides a growing line of precision clock and 
timing standard products for exacting system designs. 
AMCC has also tailored clock and timing devices to 
specific customer needs for high performance clock 
generation and distribution, clock synchronization and 
de-skewing, frequency synthesis, and pulse shaping 
applications. Offerings include low jitter, low skew clock 
drivers and clock generators aimed at high perfor- 
mance workstation applications. 


AMCC computer products provide high performance 
while minimizing emission through noise reduction. 
They fulfill the designer's requirements of low-skew, 
high speed and low-noise. 


Military 


AMCC has provided high performance integrated cir- 
cuits to the military market since it was founded in 
1979. AMCC’s familiarity with the military’s unique re- 
quirements and the company’s flexibility to meet these 
requirements have been instrumental in its success in 
this market. 
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AMCC Commitment to Quality 


Quality is the degree to which a product meets a 
customer’s expectations with regard to delivery time, 
cost, and performance to the requirements of the 
application. 


Reliability is “...the probability of a product performing, 
without failure, a specified function. under given 
conditions for a specified period of time”.! 


AMCC is committed to achieving the highest quality 
and reliability level in the integrated circuit products we 
provide. Every year for over a decade we have 
established industry-leading reliability and outgoing 
quality targets and then beat them. 


The quality and reliability philosophy at AMCC starts 
with the premise that for AMCC to continue to excel in 
the ever expanding market place, the quality expecta- 
tions of customers must be met or exceeded. 


Our team operating philosophy is to: 


1) design in manufacturability and reliability during 
the new product development phase; 


2) build in quality at all manufacturing steps; 


3) execute thorough product inspections and reliability 
confirmation; 


4) incorporate feedback from internal and 
external sources into continuous quality 
improvement programs. 


Reliability and Manufacturability - 
Designed In From The Start 


Reliability and manufacturability are designed in 
through active participation in product reviews by 
design, manufacturing, and reliability engineering. This 
is followed by extensive characterization and 
qualification testing of the mew _ products and 
processes. 


' JURAN 
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QUALITY SYSTEM OVERVIEW 


Customer 


Documentation 


oa 


Design/Manufacturing 


QA gates and subsequent feedback ensures quality confirmation of 
AMCC’s final product in a continuous improvement program 


Quality Built In During Wafer Fabrication 
and Manufacturing 


AMCC’s manufacturing and quality teams employ 
in-process inspections and the SPC methodology to 
provide assurance of continued process control and 
compliance to specification. 


Inspection And Reliability Confirmation 


e IPQC (In-Process Quality Control) gates 
strategically placed to verify customer 
requirements and to provide feedback data 
for process monitoring and improvement 


e Final outgoing inspection gate 

e¢ MIL-STD-105D sampling program 
¢ Group A and B testing 

e Reliability monitors 
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QUALITY SYSTEM OVERVIEW 


Continuous Quality Improvement Program 


¢ Corporate-wide commitment driven by the 
Executive Staff , 

e A program plan that is flexible enough to 
comprehend dynamic customer inputs 

e Statistical tools in place for analysis and action 
planning 

e Weekly and monthly review meetings to share 
performance data 


e Self examination consistent with elements in the 
Malcolm Baldridge National Quality Award 


AMCC 
Quality 
Philosophy 


MIL-Q-9858A 
MIL-I-45208 

MIL-M-385 10 
APPENDIX A 


AMCC 
Quality 
Manual 


Customer 
Manufac- 


Require- 
ments 


turing 


Superior 
Product Quality 
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AMCC QUALITY SYSTEM 


The Quality System at AMCC is modeled on the most 
stringent of military requirements. Elements of 
MIL-Q-9858A, MIL-STD-883, and MIL-M-38510 
Appendix A have been combined with a baseline 
MIL-I-45208 Quality program to achieve the overall 
corporate philosophy. 


AMCC’s Quality System has the following components 
integrated throughout the factory to meet or exceed the 
above requirements. 


* Quality Organization 

* Quality Planning 

¢ Work Instructions 

e Record Maintenance and Storage 
e Corrective Action 

¢ Cost-of-Quality Reporting 

¢ Non-Conforming Material Control 
e Statistical Quality Control 

¢ Inspection Status System 

° Vendor Control 

¢ Document Change Control System 
¢ Calibration Purchase Control 

¢ Material Control 


e¢ Production Processing and Fabrication Auditing 
System 


e Inspection and Test 
¢ ESD Safe Handling Control 
¢ Training/ Certification 


¢ Shelf Life Storage Control 
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PRODUCT QUALIFICATIONS 


A qualification is a sequence of tests in which all 
_ parameters, including the reliability of the device are 
~ tested. It is this sequence of tests which initially 
qualifies the part to be released for production. - 


For the military, it is typically required that parts pass 
stringent qualification procedures before production is 
started or product is shipped. 


AMCC provides MIL-STD-883 Methods 5005, 5008, 
and 5010 testing for our military customers on contract. 


MIL-STD-883 
Method 5005 


“Qualification And Quality 
Conformance Procedures” 


Method 5005 establishes qualification and quality- 
conformance inspection procedures for semiconductors 
to ensure that the quality of devices and lot conform 
with the requirements of the applicable procurement 
document. The full requirements of Group A, B, C, D, 
and E test and inspections are intended for use in 
initial device qualification - or requalification in the 
event of product or process change - and in periodic 
testing for retaining qualification. 


Group A consists of electrical tests performed on an 
inspection lot which has already passed the 100% 
screening requirements. After a lot has passed the 
100% screen tests, a random sample of parts is 
selected from the total population of devices to form 
the inspection lot. The inspection lot is then subjected 
to these Group A electrical tests. 


Group B inspection tests are used to monitor the 
fabrication and assembly processes performed on 
each inspection lot. 


Group C consists of a 1000-hour life test conducted to 
verify die integrity. 


Group D verifies the material integrity and the 
reliability of the package. 


Group E demonstrates the radiation hardness 
capability of the device. Performed on a generic basis 
by device type or as required for an application. 
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MIL-STD-883 
Method 5010 


“Test Procedures For Custom 
Monolithic Microcircuits” 


This method establishes screening and quality 
conformance procedures for the testing of custom and 
semicustom monolithic semiconductors to verify Class 
B or Class S quality and reliability levels. Testing is 
performed in conjunction with other documentation 
such as MIL-M-38510 and an applicable detail 
specification. It establishes the design, material, 
performance, control, and documentation requirements 
needed to achieve prescribed levels of device quality 
and reliability. AMCC can support qualification using 
this method. 


Until August of 1983, the qualification most commonly 
used was Method 5005. Since that time, the newer 
revision of MIL-STD-883 includes Method 5010, which 
is better suited for semicustom devices (logic arrays 
included). Either qualification is adequate, but it is 
desirable to use the 5010 qualification procedure in 
qualifying custom or semicustom devices. 


Qualification Method 5005 VS. 5010 


The primary difference between the two methods is in 
the Group D test. Method 5005 uses electrically-good 
devices, where method 5010 uses electrical rejects 
and package-only parts for environmental tests. In 
addition, Method 5010 is designed for smaller 
production releases (i.e., 2000 devices/year) while 
Method 5005 is designed for large production releases. 


Generic Data 


Under the provision of MIL-STD 38510 a customer can 
elect to qualify using generic data (similar device/ 
family). However, the provisions of the applicable 
contract should be reviewed. In most cases generic 
data will satisfy full qualification requirements. 


Since many of the qualifications at AMCC are 


on-going, generic data may be available for this 
purpose. 
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AMCC Product Assurance 
Product Flow Detail 


| ¢ Component Selection 
. eet soll ¢ Definition - Specification 
pie Reliability” ¢ Vendor: Selection - Qualification - Approval 
¢ Qualified Vendors List (QVL) 


¢ Acceptance Documents and Operating Procedures 
Incoming ¢ Purchase Order 

Inspection ¢ Component/Material Specifications 

e Product Assurance and General Procedures 

e QVL 

¢ Inspection of All Direct Materials 


¢ Class 10 Clean Room - FED-STD-209 
e Measurements in Adherence with MIL-STD-977 
e SPC: 

¢ In-process Monitors 

e PCM Electricals 


Wafer ¢ SEM Inspection on All Military Lots 
Fabrication Toe QA Audits: | 
| ¢ CV Plots - Weekly (minimum) 
¢ DI Water - Weekly 


e Particle Counts 
e Bacteria Count 
¢ Airbome Particle Count - Weekly 


-¢ LTO Tests - Weekly 
° % Phosporous 
¢ Pinholes 
¢ Uniformity 
e IPQC 
Wafer - e Base and Metal Final 
Electrical Test e |IPQC 


¢ Product Assurance Specifications 
¢ Manufacturing Test Procedures 


Wafer 
Stores 
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AMCC Product Assurance 
Product Flow Detail 


e 1QC Audit 
e Manufacturing Procedures 


Military Flow Commercial Flow 


Assembly issue 


° Method 5004! ¢ Method 5004 (No Centrifuge) 
Assembly and ¢ IPQC e IPQC 
Environmental P ; 
Screening cone Source Inspection Assembly Final Inspection 


¢ Assembly Final Inspection 


Pre-Electrical { 
and Burn-in e Methods 5004 & 5005 


° Methods 5004 & 5005! 


Final 9 
Electrical Test ° IPQC ° 25°C - 100% 
¢ Group A ¢ 0°C & 70°C - Sample 50 (0) 
1 
Group B Method 5005 
IPQC e IPQC 
e Final Inspection e Final Inspection 


° Method 5005! 


Group C &D 
e¢ Performed by Customer Order 


CSI e Per Order 


IPQC °¢ IPQC 


Packaging for Shipment ¢ Outgoing Inspection ¢ Outgoing Inspection 


' Method 5008 or 5010 available 
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QUALITY SYSTEM OVERVIEW . 


¢ New/changed processes and material 
qualifications 


e In-process Quality monitors 
e Periodic operating life and environmental testing 


New/Changed Wafer Processes and 
Material Qualifications 


In order to initially release a device to production a 
standard set of MIL-STD-883 tests must be completed 
successfully. These tests include: 


Wafer Process and Design 

e Operating LifeMethod 1005 

¢ ESD CharacterizationMethod 3015 
e Wire Bond PullMethod 2011 


¢ Thermal Shock or Method 1011 or 1010 
Temperature Cycling 


Package and Related Materials 


¢ Selected Subgroups of MIL-STD-883, Method 5005, 
Group B and D 


AMCC adheres to MIL-M-38510 with 
changes. 


regards to 


If changes to production released devices are 
determined to be major, the appropriate qualification 
testing must be successfully completed prior to change 
approval. 


In-Process Quality Monitors 


e CV plots 

e Airborne particle count 

* Bacteria, particle count, and resistivity on DI water 
e ESD work stations and procedures 

e In-line testing of process gases 

e In-line testing of LTO 

e Temperature and humidity contro! 

e SPC in wafer fabrication 

¢ SEM of all military lots 
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Periodic Operating Life and 
Environmental Testing 


¢ Performed on a product from each process family 
twice per year. 


e 1000 hour operating life test (minimum), Method 
5005, Group C. 


e¢ Temperature cycling per Method 1010, 100 cycles, 
condition C: -65°C / 150°C 


Final Measure and Assurance of Quality 


The cost of defects depends on when the failure 
occurs. For example, costs rise significantly as 
undetected defective ICs are integrated into systems. 
High quality parts cut costs substantially, and the extra 
quality built into every AMCC device means added 
value to our customers. 


To achieve maximum quality, AMCC employs 100% 
testing of all devices, followed by stringent QA 
sampling. 


AMCC performs QA sampling measurements at full 
specification temperature, both DC and AC, to achieve 
the tightest AQLs in the industry. 


RADIATION HARDNESS 


High energy radiation can cause structural changes in 
the silicon and silicon dioxide crystal lattice by 
displacing atoms from their normal crystal sites. These 
changes can be responsible for increased junction 
leakage, degraded transistor current gain (B), and 
increased parasitic Si/SiO2 interface leakage currents. 
The damage is generally induced by neutrons, X-rays, 
and gamma rays. The effects of the damage induced 
by this radiation can change both AC and DC 
parameters, affect functional performance, and, in 
severe cases, destroy the device. 


Certain of AMCC’s high performance products are 
inherently radiation resistant. The radiation resistance 
of AMCC IC’s is the result of the small geometries, the 
structure of the fabrication process itself, and the use 
of ECL logic within the device. Contact your AMCC 
representative regarding radiation resistance 
characteristics associated with a specific product. 
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A COMPETITIVE EDGE 


The design of high speed TTL/CMOS systems is of- 
ten made more challenging and more difficult than 
their ECL and GaAs counterparts due to the poor 
transmission line behavior of the TTL device inputs. 
Since inputs from either TTL or CMOS devices pro- 
vide essentially no termination to a given signal path 
(transmission line), reflections at the end of the line 
are a certainty. Nowhere in a system is this more 
noticeable and disastrous than when it occurs on the 
system’s clock. It is here that the wrong choice for 
the clock driver can cripple the chance for success of 
a design. 


There are many contradictions imposed on the “ideal” 
TTL clock driver. For example, slower edge rates 
reduce undershoot, ringing and plateau effects at the 
expense of duty cycle, frequency and clock skew; 
while faster edge rates cause overshoot, noise injec- 
tion, and greater EMI radiation while trying to improve 
frequency, duty cycle and clock skew. 


AMCC has solved this dilemma with an output driver 
circuit that is best described as having two modes for 
controlling the clock edges. This patented method 
produces a fast, crisp edge during the transition 
phase of the output waveform and then immediately 
slows the edge and becomes a closer match to the 
impedance of the external PC board. Figure 1 shows 
the representative effect of the “dual slope” on the 
falling edge of the clock. The output driver circuit 
actually uses the reflected wave to determine the ap- 
propriate inflection point for the slope and virtually 
eliminates “ground bounce’. | 


Figure 1. “Dual Sloped” Output Driver Eliminates “Ground Bounce” 


“Patented” Output Driver 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


“Typical” Output Driver 


Page 3-3 


AIMS 


A COMPETITIVE EDGE . | 


Figure 2 shows the representative effect of dynami- 
cally adjusting source series termination on the rising 
edge. By adjusting the built-in termination to indi- 
vidual loading environments, AMCC’s clock drivers 
prevent “ringing” without the use of any additional on- 
board termination. 


Figure 3 shows an unterminated 66MHz output of an 
SC35XX Series Driver. Conventional TTL output 
stages, with or without serial termination resistors, 
cannot attain both the edge rates and the imped- 
ance matching qualities achieved with the PMCS 
method. 


Figure 2. Built-in, On-Chip Source (Series) Termination Minimizes “Overshoot” 


a 


“Unmatched” Output Driver 


a 


“Matched” Impedance Output Driver 


Figure 3. SC35XX Driver with 20pf Load and 8” of Trace 
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20—-OUTPUT CLOCK DRIVER SC3500 


FEATURES 


GENERAL DESCRIPTION 


The SC3500 is a precision clock fan out driver. It 
requires a 2X frequency clock input from either a single 
ended TTL or an ECL differential source operating 
between +5V and ground (PECL). This 2X reference 
frequency input is received and distributed to symmetri- 
cal, divide-by-two master-slave flip-flops. The resultant 
output is distributed to the clock output drivers. 


The 20-clock outputs are divided into three groups. The 
first group of ten (10) outputs are unconditionally at the 
primary frequency, “Fa” = F input/2. The second group, 
“Fb”, of five outputs can be selected to be either identi- 
cal to “Fa” or at 1/2 the frequency of “Fa”. The third 
group, “Fc”, of five outputs, must be selected to be at 
either 1/2 or 1/4 of “Fa”. 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (Source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the TTL 
outputs that minimize over/undershoot without requir- 
ing on-board termination networks. They are designed 
fora maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Figure 1. Logic Diagram 


ae 20K 5 2 
RESET 74 Ee 


CLOCK SEL [7] 


Twenty (20) clock outputs: 

- Ten (10) outputs at primary frequency, up to 80 
MHz 

- Five (5) outputs at primary or 1/2 primary 
frequency 


- Five (5) outputs at either 1/2 or 1/4 primary 
frequency 


Leading edge skew for all outputs <0.5 ns 
Proprietary output drivers with: 


- Complementary 24 mA peak outputs, source 
and sink 


- 50-75Q source series termination 

- Dynamic drive adjustment to match load 
conditions 

- Edge rates less than 1.5 ns 

Eliminates the ground—bounce, overshoot, 

and ringing problems often encountered 

when using CMOS and Bipolar drivers 


BINARY F/2 
= ry BNA | Fale 
) 
F/2 F/4 F/8 [ 


"Fb" SEL |_| 


"Fo" SEL 3] 
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20-OUTPUT CLOCK DRIVER 


SC3500 


Absolute Maximum Ratings 


Storage Temperature ....................e -55° to +150°C 
Vcc Potential to Ground.................. -0.5V to +7.0V 
INU VONAGC aso daictccvtesterceacariassdaczentorens -0.5V to +Vcc 
Static Discharge Voltage .................cccccsseeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch=Up CuUment i2:245 siacassendeteca ivan envsesecaiee >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


Capacitance (package) 


IAPUU PINS 26 o0 see Ciacnaivees crselvacietusuncaeta ne 5.0 pF 
TES QUIOUL PINS siyesevicsnsartrinpsecereantiunsacessiannsake 5.0 pF 


Vec= +5.0V + 5%, Ta = 0°C to + 70°C (reference AC Test Circuit, Page 3-11) 


1. Maximum test duration, one second. 


| Conditions| Min | Max_| Unit | 

Vin 
Input LOW Voltage (PECL) Differential Source-PECL 
Vinput LOW Vortage (TTL) | AllTTLinpus—~——~+dY:~OS | Oe | Vd 

i Linput HIGH Current (PECL) | Vin= Voo (max) 20 
7 age SoS geg et ood) ig. 
PResot SSCS Wav SCSC~*dSCSCSC~sSC 

PTTL, CSEL, BSEL—| yea SSS 

i, Linput LOW Current (PECL) | Vw=Voo-20V————S~d it | ua 
COUKSEL Sd eV SS* iY 
CReset SSS SSS Sd 
fe ——— Fe 
[Vou | Output HIGH Vortage | Four= 60MHzmaxG,=1opF [24 |_| V_ 
Fours 80MHzmaxCr=1opF |__| 06 | V_ 
Output High, Vour= OV Typ | 88 |__| mA 
"Tous? | Output LOW Short Ckt Current | Output Low, Vour = Veo Typ | 88 |_| mA 
[PWR [Static Power Dissipation | Reference Page 38 @ 70°C [|__| 400_| mW 


The SC3500 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


VIH VIH 
INPUT DIFFERENTIAL Vip 2 400mv 


VIL VIL 


Voc -2.0V 
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DC Characteristics 


The SC3500 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3500 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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20—-OUTPUT CLOCK DRIVER SC3500 


AC Specifications—Using AC Test Circuit (Page 3-11) | 


Voc = +5.0V + 5%, Ta = 0°C to 70°C, Croan = 10pF 


Maximum PECL Differential Input Frequency 


Maximum Rising/Falling Edge Rate 


Notes: 

1. Skew is referenced to the rising edges of all outputs. 

2. Chip to chip skew specification valid only for parts operating at the same voltage and temperature. It is derated at 
1.0 ns/V and 10 ps/°C. Chip to chip skew tested at 70°C. 

3. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 1.5V. Duty Cycle will 
be affected by voltage, temperature, and load (including the length of the PC trace). 

4. Typical skew derating factor for different loads is 50 ps/pF at 1.5V threshold. For example, a 5pF load 
difference equals a 250 ps skew difference. 

5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pf capacitive 
load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 
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$SC3500 20—OUTPUT CLOCK DRIVER 


DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed a single chip twenty output fan- 
out device using AMCC's advanced BiCMOS process. 
This design has optimized the device for clock symme- 
try and absolute minimum skew across all twenty out- 
puts. Three harmonic clock frequency groups are pro- 


vided that are user selectable. 


For highest performance this approach requires a 2X 
clock source input from a crystal controlled oscillator 
(XCO) located adjacent to this clock driver. This oscil- 
lator operating between +5V and ground can provide 
either differential ECL inputs (referenced to +5V - 
PECL) or TTL (CMOS) input levels to AMCC's Clock 
Driver. The input selection is accomplished via the 
“Clock Sel’ input where a “HIGH” level activates the 
differential ECL input and a “LOW” activates the TTL 
input. This 2X input clock will be fanned out to a divide 
down counter and to master-slave flip-flops for synchro- 
nization, refer to the logic diagram preceding. Using this 
methodology the output duty cycle asymmetry be- 
comes largely a function of output driver slew rate into 
the AC load. 


Two user select pins, “B select” and “C select’, provide 
the “Fb” and “Fc” output (sub-harmonic) frequencies by 
way of multiplexor selection into the final resynchronizing 
flip-flops. The divide down counter outputs are 50% 
duty cycle decoded. The output resynchronizing flip- 
flops are keyed for leading edge alignment. These 


outputs are amplified to fan outto AMCC's complemen- _ 


tary source terminated TTL output drivers. 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user's system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100 ms) is connected 
between this pin and ground, the device will respond 
with a “power up reset” — a delay in the clock outputs 
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becoming active. At the onset of RESET (low) the 
outputs will go low following five falling edge clock 


_ inputs. At the expiration of RESET (high) outputs will 


resume, after five falling edge clock inputs, from a high 
(leading edge) count origin (see “Relative Output Tim- 
ing”, Page 3-10, and “Reset To Output Timing”, in Clock 
Driver Application Note #1). 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination (~40 Ohms) to 
significantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 50-75 Ohms termi- 
nated into 15 pF (two IC input package receiver pins). 
When applications require large load capacitance 
(>25pF with 50 Ohm P.C. board impedance) and/or 
large peak voltage amplitudes (>3.5 Volts), two adja- 
cent drivers may be paralleled, thereby halving the 
series resistance and doubling the peak current. 


Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance on- 
chip power distribution. Due to the simultaneous switch- 
ing of outputs, low impedance +V,,, and ground planes 
within the P.C. board are recommended, as well as 
substantial decoupling capacitance (see Clock Driver 
Application Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of 
the package and wire bonding is managed to insure that 
the SC3500 will exhibit skews less than the specified 
maximum. A plastic 52 lead quad flat pack with .039" 
lead pitch is employed with an outer lead square foot- 
print of approximately 0.7" per side. 
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20-OUTPUT CLOCK DRIVER $C3500 


Output Clock Frequency Selection 


Note: XCO is the input frequency for either the PECL Inputs or the TTL Input. Non—crystal oscillator 
sources may be used at the user’s discretion. See Application Note #1. 


Power Management 


The overall goal of managing the power dissipated by the SC3500 is to limit its junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3500 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-11 for complete load definition). 


The above output power must then be added to the core power (400 mW) of the SC3500 to determine the total 
power being dissipated by the SC3500. This total power is then multiplied by the SC3500’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3500. 
For greatest reliability, this junction temperature should not exceed 140°C. 


: STILL AIR 100 LIN FT/MIN | 200 LIN FT/MIN 
THERMAL RESISTANCE | 50°C/WATT 40°C/WATT 


For example: You have a SC3500 with 8 of the Fa outputs running at 66 MHz with 10 pF loads (8 x 47 = 376 
mW + 2 x 16 = 32 mW for an Fa Total of 408 mW), 3 of the Fb outputs are running at 33 MHz with 5 pF loads (3 
x 19 = 57 mW + 2 x 12 = 24 mW for an Fb Total of 81 mW), and 2 Fc outputs running at 33 MHz with 15 pF 
loads (2 x 24 = 48 mW + 3 x 12 = 36 mW for an Fc Total of 84 mW). The Total Chip Power is Core Power (400 
mW) + Fa Power (408 mW) + Fb Power (81 mW) + Fe Power (84 mW) = 973 mW. Your design calls for a 70°C 
Still Air ambient. The SC3500’s junction temperature would then be: 70°C + (.973 Watts x 50°C/Watt = 49°C) = 
119°C, below the 140°C maximum. | 
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AMES 


Relative Output Timing 


Symmetry 


The outputs of the SC3500 are nominally centered to provide a clean 50% duty cycle, symmetrical waveform at the 
+1.5V threshold reference. (See Threshold Crossing Characteristics diagram below for the conditions.) 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


50% + 1ns 


Fa 
CLOCK 
OUTPUT igsiad 
+1.5V 


+0.8V 


T rise 1.5ns 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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20—OUTPUT CLOCK DRIVER S$C3500 
AC Test Circuit 


PECL 
Ec. ossv) lb —s|sc3500 


Designing the SC3500 for “Real Loads” 


While the AC Test Circuit presented above can be adequate for initial device evaluation and incoming inspection, it 
does not represent “real loads” in products. 


AMCC has designed the SC3500 to provide clean clock transitions when presented with a realistic reactive load. 
AMCC's assumptions are that the SC3500 will be driving a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered TTL or CMOS input receiver pins. This end of line capacitive 
loading will cause overall impedance to drop to under 50 Ohms. Therefore, to a first approximation, this clock output 
driver will cleanly drive P.C. line lengths of 6" to 12” with input capacitive loads ranging up to 15 pF at frequencies up 
to 80 MHz. | 


Within this general circuit model, AMCC has developed the Evaluation Circuit presented below. This is a mid-point 
model and can be modified to reflect a specific end use. More details concerning this are presented in Clock Driver 
Application Note #1. 


Evaluation Circuit 


Vec = +5.0V 


10 10 10 10 10 10 
OVIOQOTOOVTQO1Q 0] 0 0 


= }+—___—— ~6 INCHES of 70 OHM P.C.B. + 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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SC3500 | 20-OUTPUT CLOCK DRIVER 


52-Pin PQFP Package 


\e 1 INDICATOR 


As 


0.25 MIN. 


MAX 0.100 
LEAD 
COPLANARITY 


GND 


42 FAQ 

43 VCC 

44 FA8 

45 GND 

46 FA7 

47 VCC 

48 FA6 

49 GND 
PECL OSCN 2 Sp 
PECL OSCP CLK SEL 
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CUS 


Ordering Information 
Package Type 


Max Skew Across Max Skew Part Number 
All Outputs Chip-to-Chip 


52 lead QuadFlatPack | _4.0ns—=S=~sSC“‘SSC*YSCSCBBOO 
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DEVICE SPECIFICATION 


20-OUTPUT CLOCK DRIVER / INVERTER $C3502 
GENERAL DESCRIPTION FEATURES 

The SC3502 is a precision clock fan-out driver. It re- * Twenty (20) clock outputs: 

quires a 2X frequency clock input from a single ended - Five (5) outputs at primary frequency, up to 
TTL or an ECL differential source operating between 80 MHz 

+5V and ground (PECL). This 2X reference frequency - Five (5) inverted outputs at the primary 
input is received and distributed to symmetrical, divide- frequency, up to 80 MHz 


by-two master-slave flip-flops. The resultant output is 


distributed to the clock output drivers. - Five (5) outputs at primary or 1/2 primary 


frequency 
The 20-clock outputs are divided into four groups. The - Five (5) inverted outputs at either 1/2 or 1/4 
first group of five (5) outputs are unconditionally at the primary frequency 
primary frequency, “Fa” =F input/2. The second group c : 
of five (5) outputs, “Fa”, are set at the same frequency, peecing ecgeerey sd “ Ouipurs us 
but are inverted. The third group of five (5) outputs, ¢ Proprietary output drivers with: 
“Fb”, can be selected to be either identical to “Fa” or at - Complementary 24 mA peak outputs, 
1/2 the frequency of “Fa”. The fourth group of five (5) source and sink 


outputs, “Fc”, are inverted and can be selected to be at - 50-75Q source series termination 


ee Ota - Dynamic drive adjustment to match load 
Applied Micro Circuits Corporation (AMCC) uses pro- conditions 

prietary complementary (source and sink) 24 mA peak - Edge rates less than 1.5 ns 

output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the TTL 
outputs that minimize overshoot and undershoot without 
requiring on-board termination networks. They are 
designed for a maximum output slew rate of =1.5V/ns to 
minimize simultaneous output switching noise and dis- 
tortion. 


¢ Eliminates the ground-bounce, 
overshoot, and ringing problems often 
encountered when using CMOS and 
Bipolar drivers 


Logic Diagram 


RESET 


20K 
conan a 
BINARY F/2 
NAY | Pfu] sp > 


F/2 F/4 F/8 > 6 


"Fb" SEL a 


"Fo" SEL | 


TYYWYYY7Y 
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AIMoks 


$C3502 

Absolute Maximum Ratings 

Storage Temperature .................... -55° to +150°C 
Voc Potential to Ground................ce. -0.5V to +7.0V 
Input Voltage .............cccccssssecceeeeees Besta -0.5V to +Voc 
Static Discharge Voltage ..............:ccccccesesseeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current ............cccccccccccesseceseaseseeeeee >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


20-OUTPUT CLOCK DRIVER/INVERTER 


Capacitance (package) 


HAUL: PINS <acusizscecsstonl cst ee eueneeariaakentecestaahies ets 5.0 pF 
TEE OUIpUE PINS ai cunec at cass epveccseresiereneeee a 5.0 pF 


Voc = +5.0V + 5%, Tg = 0°C to + 70°C (reference AC Test Circuit, Page 3-21) 


1. Maximum test duration, one second. 


iti |Min | Max_| Unit | 

Vi 
input LOW Voltage (TTL) | All TTL Inputs iluding Clock | -08 | 08 | V— 

in [Input HIGH Current (PECL) | Vin=Voc (max) ~~‘ —~«dY~S 20] A 
COLKSEL SY (Y= Voc (max) SSSSC~*sdSCSCSCS~dSC*B A 
Rest ——SSOS™~—SsS~S eV SSCSC~sSC~‘“dSC SUA 

CTTL, CSELBSEL———Sid Wea SCSC~SCSSSC“‘“OWQS = A 

i [Input LOW Current (PECL) | Vin=Voo20V———~iYS~d:~SC~i' | 
CCLKSELSSC*d CV SSCS™SCSCSCSSSCSC~iSCi A 
Reset SW SSS—SSCSCS~*SC 8H 

CTT, CSEL, BSELS*d Wav SSOCS—~—SSSSC~‘“dSSS UA 
[Von | Output HIGH Voltage | Four=80MHzmaxO,=10pF_ | 24 | | V_ 
[Vou | Output LOW Voltage | Four=60MHzmaxC.=1opF_ |__| 06 | V_ 
Output High, Vour=0V Typ [85 |_| mA 
[Toist | Output LOW Short Ckt Current | Output Low, Vour=Vec Typ__| 85 |__| mA 


Reference Page 3-19 @ 70°C | | 400 


The SC3502 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 
PECL Differential Input Voltage Range 


+Voc 


VIH VIH 
INPUT DIFFERENTIAL >< Vip 2 400mv 


VIL VIL 


Voc -2.0V 
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DC Characteristics 


The SC3502 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3502 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 


[ovations [in [Wx 
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AC Specifications - Using AC Test Circuit (Page 3-21) 
Vec = +5.0V +5%, Ta = 0°C to +70°C, CLoap = 10pF 


$c3502-1 | SC3502_| UNITS 
Maximum Skew Across All Outputs 1.0 
i 
Maximum Skew Across Fa Outputs | 0.25 | 0.25 
5 


| ns _| 
| ns _| 
| ne | 
ns | 
0.25 | ns | 
Maximum Output Duty Cycle Asymmetry | tt.0_ | tt. ons 
Maximum TTL Input Frequency | 8 


Maximum PECL Differential Input Frequenc MHz 
Maximum Rising/Falling Edge Rates | o45 6] lua ons | 


Notes: 
1. Skew is referenced to the rising edges of all non-inverted copies and the falling edge of all 
inverted copies 


2. Chip to chip skew specification valid only for parts operating at the same voltage and 
temperature. It is derated at 0.5 ns/V and 10 ps/C. Chip to chip skew tested at 70°C. 


3. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 
1.5V. Duty Cycle will be affected by voltage, temperature, and load (including the length of 
the PC trace). 

4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 
5pF load difference equals a 250 ps skew difference. 


5: Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) 
with a 10 pF capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may 
be paralleled for higher loads. 


Maximum Skew Chip To Chip fe eee Il 
Maximum Skew Across Fa Outputs 
Maximum Skew Across Fc Outputs 
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DESCRIPTION OF OPERATION 

(Refer to Logic Diagram) 

AMCC has developed a twenty-output fan-out device 
using AMCC’s advanced BiCMOS process. This design 
has optimized the device for clock symmetry and abso- 
lute minimum skew across all twenty outputs. Three 
harmonic clock frequency groups are provided that are 
user selectable. 


For highest performance this approach requires a 2X 
clock source input from a crystal controlled oscillator 
(XCO) located adjacent to this clock driver. This oscil- 
lator can provide either differential ECL inputs (refer- 
enced to +5V - PECL) to AMCC’s Clock Driver or TTL 
(CMOS) levels. The input selection is accomplished via 
the “Clock Sel” input where a “HIGH” level activates the 
differential ECL input and a “LOW” activates the TTL 
input. This 2X input clock will be fanned out to a divide 
down counter and to master-slave flip-flops for synchro- 
nization, refer to the logic diagram preceding. Using this 
methodology the output duty cycle asymmetry becomes 
largely a function of output driver slew rate into the AC 
load. 


Two user select pins, “B select’ and “C select’, provide 

the “Fb” and “Fc” output (sub-harmonic) frequencies by 
way of multiplexor selection into the final resynchroniz- 
ing flip-flops. The divide down counter outputs are 50% 
duty cycle decoded. The output resynchronizing flip- 
flops are keyed for leading edge alignment. These 
outputs are amplified to fan out to AMCC’s complemen- 
tary source terminated TTL output drivers. 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100 ms) is connected 
between this pin and ground, the device will respond with 
a “power up reset” - a delay in the clock outputs becom- 
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20-OUTPUT CLOCK DRIVER / INVERTER 


ing active. On the first falling edge clock input after 
RESET goes low, the outputs will go low in sequence 
(the output divide count continues, but once an output 
goes low, it is held low). When RESET is released 
(high), the outputs will resume counting, after five falling 
edge clock input delays, from their low state (see “Re- 
lative Output Timing”, Page 3-20 and “Reset To Output 
Timing”, in Clock Driver Application Note #1). 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination (~40 Ohms) to 
significantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 50-75 Ohms termi- 
nated into 15 pF (two IC input package receiver pins). 
When applications require large load capacitance 
(>25pF with 50 ohm P.C. board impedance) and/or large 
peak voltage amplitudes (>3.5 Volts), two adjacent driv- 
ers may be paralleled, thereby halving the series resis- 
tance and doubling the peak current. 


Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Clock Driver 
Application Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3502 will exhibit skews less than the specified maxi- 
mum. A plastic 52 lead quad flat pack with .039" lead 
pitch is employed with an outer lead square footprint of 
approximately 0.7" per side. 
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Output Clock Frequency Selection 
“B” SEL “Co” SEL 


Note: XCO is the input frequency for either the PECL Inputs or the TTL Input. Non—crystal oscillator 
sources may be used at the user’s discretion. See Application Note #1. 


Power Management 


The overall goal of managing the power dissipated by the SC3502 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3502 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-21 for complete load definition). 


FREQUENCY | C, oap=5PF | Croap=10PF | Cyoap=15PF | Cy oap=25PF | Cioap=40pF | NO LOAD 


wemw | simw | e1mw 


20 MHz 


The above output power must then be added to the core power (400 mW) of the SC3502 to determine the total 
power being dissipated by the SC3502. This total power is then multiplied by the SC3502’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3502. 
For greatest reliability, this junction temperature should not exceed 140°C. : 


STILLAIR | 100LINFT/MIN | 200 LIN FT/MIN 
THERMAL RESISTANCE | 50°C/WATT 40°C/WATT 


For example: You have a SC3502 with 4 of the Fa and 4 of the Fa outputs running at 66 MHz with 10 pF loads 
(8 x 47 = 376 mW + 2 x 16 = 32 mW for an Fa and Fa Total of 408 mW), 3 of the Fb outputs are running at 33 
MHz with 5 pF loads (3 x 19 = 57 mW + 2 x 12 = 24 mW for an Fb Total of 81 mW), and 2 Fc outputs running at 
33 MHz with 15 pF loads (2 x 24 = 48 mW + 3 x 12 = 36 mW for an Fc Total of 84 mW). The Total Chip Power 
is Core Power (400 mW) + Fa and Fa Power (408 mW) + Fb Power (81 mW) + Fc Power (84 mW) = 973 mW. 
Your design calls for a 70°C Still Air ambient. The SC3502’s junction temperature would then be: 70°C + (.973 
Watts x 50°C/Watt = 49°C) = 119°C, below the 140°C maximum. 
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Relative Output Timing 


Symmetry 


The outputs of the SC3502 are nominally centered to provide a clean 50% duty cycle, symmetrical waveform at 
the +1.5V threshold reference. (See Threshold Crossing Characteristics diagram below, for the conditions.) 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


50% + 1ns 


CLOCK 


Peer +2.0V +2.0V 


+1.5V +1.5V 
+0.8V +0.8V—|- 


T rise}<— 1.5ns 1.5ns T fall 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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$C3502 


20-OUTPUT CLOCK DRIVER / INVERTER 


AC Test Circuit 


(ECL @+5V) 


Designing the SC3502 for “Real Loads” 


While the AC Test Circuit presented above be adequate 
for initial device evaluation and incoming inspection, it 
does not represent “real loads” in products. 


AMCC has designed the SC3502 to provide clean clock 
transitions when presented with a realistic reactive load. 
AMCC’s assumptions are that the SC3502 will be driving 
a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered 
TTL or CMOS input receiver pins. This end of line 


Evaluation Circuit 


Vcc = +5.0V 


10 10 


capacitive loading will cause overall impedance to drop 
to under 50 Ohms. Therefore, to a first approximation, 
this clock output driver will cleanly drive P.C. line lengths 
of 6" to 12" with input capacitive loads ranging up to 15 
pF at frequencies up to 80 MHz. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in the 
Application Note #1. 


10 10 10 10 


VOIQYOIOYOLWOOWVslWOOIO OQ 


}+—_— ~6 INCHES of 70 OHM P.C.B. —__§ 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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$C3502 | 20-OUTPUT CLOCK DRIVER/ INVERTER 


52—Pin PQFP Package 


\e 1 INDICATOR 


BODY SIZE PLUS PRINT. 


DIM TOL/ 
LTR LEADS 


0.25 MIN. 


MAX 0.100 
LEAD 
COPLANARITY 


PECL OSCN 
PECL OSCP CLK SEL 


Ordering Codes 


52 Lead Plastic Quad Flat Pack} = 1.5 ns SC3502Q 
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DEVICE SPECIFICATION 


20-OUTPUT CLOCK DRIVER $C3506 


GENERAL DESCRIPTION FEATURES 


The SC3506 is a precision low skew clock driver with 20 
outputs. It employs a clock input from a single ended 
TTL or an ECL differential source operating between 
+5V and ground (PECL). This reference frequency 
input is received and distributed to symmetrical, divide- 
by-two master-slave flip-flops. The resultant output is ¢ Leading edge skew for all outputs <0.5 ns 


distributed to the clock output drivers. ¢ Proprietary output drivers with: 


- Complementary 24 mA peak outputs, 
source and sink 


- 50-75Q source series termination 
- Dynamic drive adjustment to match load 


Twenty (20) clock outputs: 

- Ten (10) outputs at primary frequency, up 
to 80 MHz 

- Ten (10) outputs at 1/2 primary frequency 


The twenty outputs are divided into two groups: group 
Fb is at the primary frequency, equal to the input; group 
Fa is at one half of the primary input frequency. 


Applied Micro Circuits Corporation (AMCC) uses pro- conditions 

prietary complementary (Source and sink) 24 mA peak - Edge rates less than 1.5 ns 

output drivers. In addition to their drive capability, these - Eliminates the ground-bounce, overshoot, 
circuits provide “source (series) termination” at the TTL and ringing problems often encountered 
outputs that minimize over/undershoot without requiring when using CMOS and Bipolar drivers 


on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


¢ Compatible with Intel’s Pentium™ 
processor 


Logic Diagram 


20K 
RESET  ] 


CLOCK SEL |_| 
ype 
= e 

|_| 
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20-OUTPUT CLOCK DRIVER 


$C3506 

Absolute Maximum Ratings 

Storage Temperature ...............cccccceeee -55° to +150°C 
Vcc Potential to Ground..................0... -0.5V to +7.0V 
Input Voltage ............ ce eeeeccssssseseeeseeseeees -0.5V to +Vcc 
Static Discharge Voltage ................::ceesseseeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current .............cccssssssssssseeeeeeeevenens >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 
Voc = +5.0V + 5%, Tg = 0°C to + 70°C (reference AC Test Circuit, Page 3-28) 


Differential Source-PECL 
All TTL Inputs Voc 
Differential Source-PECL 


1. Maximum test duration, one second. 


Capacitance (package) 


INDULIP INS xissscs eo seiieee dentate aware oiicoe 5.0 pF 
TELCO PINS sxcccernic oo eecuiclere eee cic oes 5.0 pF 


The SC3506 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 
PECL Differential Input Voltage Range 


+Voc 


ViL 


ViH VIH 
INPUT DIFFERENTIAL >< Vip 2 400mv 
V 

IL 


Voc -2.0V 
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DC Characteristics 


The SC3506 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3506 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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20-OUTPUT CLOCK DRIVER SC3506 


eS S/S DP SSS PS SSS SES SED SE A APE i STE ES PE Ss PF ES SSE PA SE EE SS CSOD 


AC Specifications - Using AC Test Circuit (Page 3-28) 
Vec = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


sc3506-2 | $C3506-1 | SC3506 
Maximum Skew Across AllQutputs | |S 
1.5 


1 0.25 
Maximum Skew Across Fb Outputs 
Maximum Output Duty Cycle Asymmetry 


Maximum Differential PECL Input Frequency | go 
Maximum Rising/Falling Edge Rate eA 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and 
temperature. It is derated at 0.5 ns/V and 10 ps/°C. Chip to chip skew tested at 70°C. 


3. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 
is Pitas Cycle will be affected by voltage, temperature, and load (including the length of 
the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 
5pF load difference equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) 
with a 10 pF capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may 
be paralleled for higher loads. 


Maximum Skew Chip to Chip 
Maximum Skew Across Fa Outputs 
Maximum TTL Input Frequency 


0 
1.5 
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$C3506 | | 20-OUTPUT CLOCK DRIVER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip twenty output fan-out 
device using AMCC’s advanced BiCMOS process. 
This design has optimized the device for clock symme- 
try and absolute minimum skew across all twenty out- 
puts. Two harmonic clock frequency groups are 
provided. | 


For highest performance this approach requires a clock 
source input from a crystal controlled oscillator (XCO) 
located adjacent to this clock driver. This oscillator can 
provide either differential ECL inputs (referenced to +5V 
- PECL) or TTL (CMOS) input levels to AMCC’s Clock 
Driver. The input selection is accomplished via the 
“Clock Sel” input where a “HIGH” level activates the 
differential ECL input and a “LOW” activates the TTL 
input. This input clock will be fanned out to a toggle 
flip-flop and to output flip-flops for synchronization, refer 
to the logic diagram preceding. Using this methodology, 
the output duty cycle for the F/2 or Fa group becomes 
largely a function of output driver slew rate into the AC 
load. 


The Fb group duty cycle is governed by the input source 
clock. The output flip-flops are reset keyed for leading 
edge alignment. These outputs are amplified to fan out 
to AMCC’s complementary source terminated TTL out- 
put drivers. 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100 ms) is connected 
between this pin and ground, the device will respond with 
a “power up reset” - a delay in the clock outputs becom- 
ing active. At the onset of RESET (low) the outputs will 
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go low following four falling edge clock inputs. At the 
expiration of RESET (high), the outputs will resume, after 
four falling edge clock inputs, from a high (leading edge) 
count origin (see “Relative Output Timing”, Page 3-28, 
and “Reset To Output Timing”,in the Application Note 
#1). 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination (~40 Ohms) to 
significantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 50-75 Ohms termi- 
nated into 15 pF (two IC input package receiver pins). 
When applications require large load capacitance 
(>25pF with 50 Ohm P.C. board impedance) and/or 
large peak voltage amplitudes (>3.5 Volts), two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see Applica- 
tion Note #1). 


Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
SC3506 will exhibit skews less than the specified maxi- 
mum. A plastic 52 lead quad flat pack with .039" lead 
pitch is employed with an outer lead square footprint of 
approximately 0.7" per side. 
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20-OUTPUT CLOCK DRIVER SC3506 


Power Management 


The overall goal of managing the power dissipated by the SC3506 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3506 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-29 for complete load definition). 


The above output power must then be added to the core power (400 mW) of the SC3506 to determine the total 
power being dissipated by the SC3506. This total power is then multiplied by the SC3506’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3506. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 
SC3506 is as follows: 


| STILL AIR 100 LIN FT/MIN 200 LIN FT/MIN 
THERMAL RESISTANCE 50°C/WATT 40°C/WATT 35°C/WATT 


For example: An SC3506 with 8 of the Fb outputs running at 66 MHz with 10 pF loads (8 x 47 = 376 MW + 2 x 
16 = 32 mW for an Fb Total of 408 mW), 3 of the Fa outputs are running at 33 MHz with 5 pF loads (3 x 19 = 57 
mW), and 2 Fa outputs running at 33 MHz with 15 pF loads (2 x 24 = 48 mW + 5 x 12 = 60 mW for an Fa Total 
of 165 mW). The Total Chip Power is Core Power (400 mW) + Fb Power (408 mW) + Fa Power (165 mW) = 973 
mW. Your design calls for a 70°C Still Air ambient. The SC3506’s junction temperature would then be: 70°C + 
(.973 Watts x 50°C/Watt = 49°C) = 119°C, below the 140°C maximum. 
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$C3506 | 20-OUTPUT CLOCK DRIVER 


Relative Output Timing 


INPUT. 


AC Test Circuit 


PECL 
(ECL @+5V) 


50% + 10% 


50% + ins* 


Fa 

CLOCK 

OUTPUT eee 
+1.5V 


1.5ns 1.5ns T fall 


NOTE: Trise and Tfall are “real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 


“Applies only to divide-by-two outputs. 
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20-OUTPUT CLOCK DRIVER SC3506 


Designing the SC3506 for “Real Loads” 


While the AC Test Circuit presented on Page 3-28 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3506 to provide clean clock 
transitions when presented with a realistic reactive load. 
AMCC’s assumptions are that the SC3506 will be driving 
a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered 
TTL or CMOS input receiver pins. This end of line 


Evaluation Circuit 


Vcc = +5.0V 


Capacitive loading will cause overall impedance to drop 
to under 50 Ohms. Therefore, to a first approximation, 
this clock output driver will cleanly drive P.C. line lengths 
of 6" to 12" with input capacitive loads ranging up to 15 
pF at frequencies up to 80 MHz. Higher load capaci- 
tance can be accommodated by two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in the 
Application Note #1. 


10 10 10 


10 
(L]) sone O10 010 010 O10 01006 
@ 


= | ~6 INCHES of 70 OHM P.C.B. + 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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SC3506 20-OUTPUT CLOCK DRIVER 


52-Pin PQFP Package 


\e 1 INDICATOR 


BODY SIZE PLUS |3.2 MM FOOTPRIN 


eile 
LTR | LEADS 
| 85 


3.25 MN. 
2.10 1.920. 

4.10 | .920. [7 _| MAX 0.100 
[+10 | 2.00. * Tn Lee ANARITY 
Se ee 

2.10] 14.00 


PIN # SIGNAL PIN# SIGNAL | PIN# SIGNAL 
14 27 NC 


|e 
es Be 
LD 
| _ Di 
dent ey 
ae 


OONOOADND— 


FB9 
PECLOSCN] 54 


PECLOSCP] 509 CLK SEL 


Ordering Codes 


Package Type Max Skew Across Max Skew 
All Outputs Chip-to-Chip 
52 Lead Plastic Quad Flat Pack a ae SC3506Q-1 
52 Lead Plastic Quad Flat Pack a ee SC3506Q 
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SC3506Q-2 


DEVICE SPECIFICATION 


20-OUTPUT CLOCK DRIVER SC3507 


GENERAL DESCRIPTION FEATURES 


° T t t . 
The SC3507 is a precision low skew driver with 20 wenty (20) clock outputs 


outputs. It requires a 2X frequency clock input from - Ten (10) outputs at primary frequency, up 
either a single ended TTL or an ECL differential source to 80 MHz 

operating between +5V and ground (PECL). This 2X - Ten (10) outputs at primary or 1/2 primary 
reference frequency input is received and distributed to frequency, in two groups of five outputs 


symmetrical, divide-by-two master-slave flip-flops. The : : £ 
resultant output is distributed to the clock output drivers. Eeading ecge: skew. lor alr outputs: =0.6:n8 
¢ Proprietary output drivers with: 
_ - Complementary 24 mA peak outputs, 
The 20-clock outputs are divided into three groups. The source and sink 
first group of ten (10) outputs are unconditionally at the 


primary frequency, “Fa’= F input/2. The second group, 


- 50-75Q source series termination 


“Fb”, of five outputs can be selected to be either identical - Dynamic drive adjustment to match load 
to “Fa” or at 1/2 the frequency of “Fa”. Similarly, the third conditions 
group, “Fc”, of five outputs, can be selected to be at - Edge rates less than 1.5 ns 


either equal to or 1/2 of “Fa”. * Eliminates the ground-bounce, 


overshoot, and ringing problems often 
encountered when using CMOS and 
Bipolar drivers 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the TTL 
outputs that minimize over/undershoot without requiring 
on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Logic Diagram 
+5V 
en 20K 
RESET a 3 EE 


CLOCK SEL [7] 


BINARY 
COUNTER 


Saas 
ca 
ca 


4 


1 
»— 
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$C3507 


20-OUTPUT CLOCK DRIVER | 


Absolute Maximum Ratings 


Storage Temperature ..............::cccssee -55° to +150°C 
Vcc Potential to Ground.................. -0.5V to +7.0V 
INpUt Voltage ..........eeeesseesssseesseeeeeeees -0.5V to +Vcoc 
Static Discharge Voltage ...............ccsessseseeseees >1750V 
Maximum Junction Temperature .................. +140°C 
Latch-up Current .................::c00scsseeeeeseeeeneees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


Capacitance (package) 


MUU UNS ences cece race tate oxs Aanti ce teloniysuaeiness 5.0 pF 
TEL, OUIDUEP INS iysihes ccd eteces ieeecacsetektobteacendsyenee 5.0 pF 


Voc = +5.0V + 5%, Tg = 0°C to + 70°C (reference AC Test Circuit, Page 3-36) 


Symbol 


Vit Input LOW Voltage (PECL) 
Input LOW Voltage (TTL) 
HH Input HIGH Current (PECL) 


TTL, CSEL, BSEL 


Conditions | Min 
Vn +0.4 


Vit +0.4 


ifferential Source-PECL 
ll TTL Inputs 


yn =2.4V 


He Input LOW Current (PECL) Vin = Voc -2.0V 


1. Maximum test duration, one second. 


The SC3507 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


VIL 
Voc -2.0V 


VIH VIH 

INPUT DIFFERENTIAL X Vip = 400MV 
V 

IL 
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DC Characteristics 


The SC3507 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3507 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 | 


AIMCG 


ae mn ae fc A 7 Sf SS A SSD EF POP PTE SE oP SE ET OE EE SEE EE EE CT SEATED 


20-OUTPUT CLOCK DRIVER $C3507 
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AC Specifications - Using Evaluation Circuit (Page 3-37) 


Vec = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


SC3507-1_ | _SC3507_| Units 

Maximum Skew Across All Outputs | OB Or 

Maximum Skew Chip to Chip De Or, cl wee 
5 


Maximum Skew Across Fb Outputs 


i aes 
Maximum Skew Across Fe Outputs | 0.25 | 0.25 | 
I 


Maximum Output Duty Cycle Asymmetry 
Maximum TTL Input Frequency | go | 80 | MHz 
Maximum PECL Differential Input Frequency MHz 


Maximum Rising/Falling Edge Rates | o45006d]l15 ons 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and 
temperature. It is derated at 0.5 ns/V and 10 ps/°C. Chip to chip skew tested at 70°C. 


3. Output Duty Cycle asymmetry is defined as the Duty Cycle deviation from 50%, measured at 
1.5V. Duty Cycle will be affected by voltage, temperature, and load (including the length of the 
PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF 
load difference equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 
10 pF capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be 
paralleled for higher loads. 
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AIMS 


SC3507 20-OUTPUT CLOCK DRIVER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip clock driver with 
twenty outputs using AMCC’s advanced BiCMOS 
process. This design was optimized for minimum 
skew across all twenty outputs. 


For best performance this approach requires a clock 
source input from a crystal controlled oscillator 
(XCO) located adjacent to this clock driver. This 
oscillator operating between +5V and ground can 
provide either differential ECL inputs (referenced to 
+5V - PECL) or TTL (CMOS) input levels to AMCC’s 
Clock Driver. The input selection is accomplished 
via the “Clock Sel” input where a “HIGH” level acti- 
vates the differential ECL input and a “LOW” acti- 
vates the TTL input. This input clock will be fanned 
out to a toggle flip-flop and to output flip-flops for 
synchronization, (refer to the preceding logic dia- 
gram). The output duty cycle asymmetry becomes 
largely a function of the output driver slew rate into 
the AC load. 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uUF = ~100 ms) is con- 
nected between this pin and ground, the device will 
respond with a “power up reset’—a delay in the 
clock outputs becoming active. On the first falling 
edge clock input after RESET goes low, the outputs 
will go low in sequence (the output divide count con- 
tinues, but once an output goes low, it is held low). 
When RESET is released (high), the outputs will re- 
sume counting, after five falling edge clock input de- 


Output Clock Frequency Selection 


lays, from their low state (see “Relative Output Tim- 
ing”, Page 3-36, and “Reset To Output Timing” in the 
Application Note #1). 


The output drivers are rise and fall slew rate con- 
trolled to ~1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the 20 out- 
puts. These outputs also feature series termination 
(~40 Ohms) to significantly reduce the overshoot 
and undershoot of non-terminated transmission 
lines. This will satisfy printed circuit line impedances 
of 50 to 75 Ohms terminated into 15 pF (two IC input 
package receiver pins). When applications require 
large load capacitance (>25pF with 50 Ohm P.C. 
board impedance) and/or large peak voltage ampli- 
tudes (>3.5 Volts), two adjacent drivers may be par- 
alleled, thereby halving the series resistance and 
doubling the peak current (see Application Note #1). 


Power and ground are interdigitated with the out- 
puts. Of the 52 package pins, 22 are used for low 
impedance on-chip power distribution. Due to the 
simultaneous switching of outputs, low impedance 
+Vcoc and ground planes within the P.C. board are 
recommended, as well as substantial decoupling ca- 
pacitance (see Application Note #1 for recommenda- 
tions). 


The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. Col- 
lectively, the resistance, inductance and capacitance 
of the package and wire bonding is managed to in- 
sure that the SC3507 will exhibit skews less than the 
specified maximum. A plastic 52 lead quad flat pack 
with .039" lead pitch is employed with an outer lead 
square footprint of approximately 0.7" per side. 


Note: XCO is the input frequency for either the PECL Inputs or the TTL Input. Non—crystal oscillator 
sources may be used at the user’s discretion. See Application Note #1. 
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20-OUTPUT CLOCK DRIVER ; | $SC3507 


Power Management 


The overall goal of managing the power dissipated by the SC3507 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3507 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-37 for complete load definition). 


20 MHz 


The above output power must then be added to the core power (400 mW) of the SC3507 to determine the total 
power being dissipated by the SC3507. This total power is then multiplied by the SC3507’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3507. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 
SC3507 is as follows: 


STILL AIR 100 LIN FT/MIN 200 LIN FT/MIN 
THERMAL RESISTANCE 50°C/WATT 40°C/WATT 35°C/WATT 


For example: An SC3507 with 8 of the Fa outputs running at 66 MHz with 10 pF loads (8 x 47 = 376 mW + 2 x 
16 = 32 mW for an Fa Total of 408 mW), 3 of the Fb outputs are running at 33 MHz with 5 pF loads (3 x 19 = 57 
mW + 2 x 12 = 24 mW for an Fb Total of 81 mW), and 2 Fc outputs running at 33 MHz with 15 pF loads (2 x 24 = 
48 mW + 3 x 12 = 36 mW for an Fc Total of 84 mW). The Total Chip Power is Core Power (400 mW) + Fa 
Power (408 mW) + Fb Power (81 mW) + Fc Power (84 mW) = 973 mW. Your design calls for a 70°C Still Air 
ambient. The SC3507’s junction temperature would then be: 70°C + (.973 Watts x 50°C/Watt = 49°C) = 119°C, 
below the 140°C maximum. 
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SC3507 20-OUTPUT CLOCK DRIVER 


Relative Output Timing 


AC Test Circuit 


PECL 
(ECL @+5V) 


Threshold Crossing Characteristics 


50% + 10% 


50% + ins 


CLOCK 
OUTPUT +2.0V 


+1.5V 


+0.8V 
T rise 1.5ns 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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Designing the SC3507 for “Real Loads” 


While the AC Test Circuit presented on Page 3-36 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3507 to provide clean 
clock transitions when presented with a realistic reac- 
tive load. AMCC’s assumptions are that the SC3507 
will be driving a selected length(s) of 70 Ohm (Zo) P.C. 
board trace terminated by a small number of end of 
line clustered TTL or CMOS input receiver pins. This 


Evaluation Circuit 


Vcc = +5.0V 


AMECEC 


20-OUTPUT CLOCK DRIVER SC3507 


end of line capacitive loading will cause overall imped- 
ance to drop to under 50 Ohms. Therefore, to a first 
approximation, this clock output driver will cleanly 
drive P.C. line lengths of 6" to 12" with input capacitive 
loads ranging up to 15 pF at frequencies up to 80 MHz. 
Higher load capacitance can be accommodated by 
two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. 


10 


10 
UO) 


= ee ~6 INCHES of 70 OHM P.C.B. ‘ | 


NOTES: All inductance is innH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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$C3507 : 


52—Pin PQFP Package 


BODY SIZE PLUS 


LTR | LEADS 
|e _| TYP 
TYP 
MAX 


+.10 


A 
A 
A 


| Bl 
eal 
Ag 
| AQ 
Pata | 
Dp! 
ae 
poset! 
ee 


+.25 
+.10 
+.25 


+.15/.10 


it 
—_ 
oO 


L 


Ordering Codes 
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\e 1 INDICATOR 


“C” SEL 


GND 
FAO 
vec 
FA1 
GND 
FA2 
VCC 
FA3 
GND 
FA4 
vcc 
NC 


Package Type Max Skew Across Part Number 
All Outputs 
52 Lead Plastic Quad Flat Pack] = 0.5 ns SC35070-1 
52 Lead Plastic Quad Flat Pack) = 1.0 ns S$C3507Q 


20-OUTPUT CLOCK DRIVER 


STANDOFF 
0.25 MIN, 


MAX 0.100 
LEA 
COPLANARITY 


PECL OSCN 


PECL OSCP CLK SEL 
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DEVICE SPECIFICATION 


20-OUTPUT CLOCK DRIVER 


GENERAL DESCRIPTION 


The SC3508 is a minimum skew clock driver with 20 
outputs. Itcan employ a clock input from a single ended 
TTL or an ECL differential source operating between 
+5V and ground (PECL). This reference frequency input 
is received and distributed to the clock output drivers. 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (Source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the TTL 
outputs that minimize over/undershoot without requiring 
on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Logic Diagram 
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$SC3508 


FEATURES 


Twenty (20) clock outputs at primary 
frequency up to 80 MHz 


Leading edge skew for all outputs 
<0.5 ns 


Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 50-75Q source series termination 


- Dynamic drive adjustment to match load 
conditions 


- Edge rates less than 1.5 ns 


Eliminates the ground-bounce, 
overshoot, and ringing problems often 
encountered when using CMOS and 
Bipolar drivers 


Compatible with Intel’s Pentium™ 
processor 


> 
Ss 
De 
> 
D 
> 
o> 
> 
> 
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$C3508 


20-OUTPUT CLOCK DRIVER 


Absolute Maximum Ratings 


Storage Temperature .............ccccccceeees -55° to +150°C 
Vcc Potential to Ground...................... -0.5V to +7.0V 
Input Voltage ................:scccccccesssseeeseeeees -0.5V to +Vcc 
Static Discharge Voltage ............ccccccceceeeeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current ...........ccccccecccsssssssseseeseeneves >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


Capacitance (package) 


SUG PINS tia icaiasietcecu ees cacacvevesdepieasaaeutouatcentoants 5.0 pF 
TRUSOUIBUE PUG esc esneleeocieosacs avs ieSanteeewenoaeets 5.0 pF 


Voc = +5.0V + 5%, Ta = 0°C to + 70°C (reference AC Test Circuit, Page 3-43) 


Parameter 


IH Input HIGH Voltage (PECL) 
Input HIGH Voltage (TTL) 
Input LOW Voltage (PECL) 
Input LOW Voltage (TTL) 
Input HIGH Current (PECL) 


1. Maximum test duration, one second. 


The SC3508 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 
PECL Differential Input Voltage Range 


+Voc 


ViH VIH 
INPUT DIFFERENTIAL >< Vip 2 400mV 


VIL 


ViL 
Voc -2.0V 
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DC Characteristics 


The SC3508 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3508 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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a A EE SSD SSS SP PS ESP PASSES PS SSA A aS SEE A SPP a FA A PS SA ES A i A ER SEA A SAA 


20-OUTPUT CLOCK DRIVER $C3508 


ev Sc PE STE SS A SSS ETS ES CSS EP PEPE PS SS ES SE EA I i yf FP TA NE DN TES 


AC SPECIFICATIONS—USING AC TEST CIRCUIT (Page 3-43) 
Voc = +5.0V + 5%, Ta = 0°C to 70°C, Croan = 10PF 


sc3508-2 | 8c3508-1 | SC3508 

Maximum Skew Across All Outputs 

Maximum Skew Chip to Chip ee ee 

Maximum Skew Across Fa, Fb, Fc, or Fd Outputs 0.25 
5 1.5 


0 
Maximum TTL Input Frequency a MHz 
Maximum PECL Differential Input Frequency a ee ee ee 


Maximum Rising/Falling Edge Rate a a a ee 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and temperature. It is 
derated at 0.5 ns/V and 10 ps/°C. Chip to chip skew tested at 70°C. 


3. The SC3508 output symmetry follows input symmetry. Output Duty Cycle will also be affected by voltage 
and load (including the length of the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load 
difference equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10pF 
capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 


Threshold Crossing Characteristics 


50% + 10% 


CLOCK 
OUTPUT +2.0V 


+1.5V 
+0.8V 


T rise 1.5ns 1.5ns T fall 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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AIMS 


$SC3508 20-OUTPUT CLOCK DRIVER 


DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed a single chip clock buffer and 
twenty output fan-out driver using AMCC’s advanced 
BiCMOS process. This design is optimized the de- 
vice for absolute minimum skew across all twenty 
outputs. 


For best performance, this approach will require a 
clock source input from a crystal controlled oscillator 
(XCQ) located adjacent to this clock driver. This 
oscillator can provide either differential ECL inputs 
(referenced to +5V—-PECL) or TTL (CMOS) input 
levels to AMCC’s Clock Driver. The input selection 
is accomplished via the “Clock Sel” input where a 
“HIGH” level activates the differential ECL input and 
a “LOW” activates the TTL input. This input clock 
will be fanned out to translation amplifiers and output 
drivers, (refer to the preceding logic diagram). The 
output duty cycle asymmetry becomes largely a 
function of the input clock waveshape and the output 
driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = ~100ms) is con- 
nected between this pin and ground, the device will 
respond with a “power up reset’—a delay in the 
clock outputs becoming active. At the onset of RE- 
SET (low) the outputs will go low following four falling 
edge clock inputs. At the expiration of RESET (high) 
outputs will resume, after after four falling edge clock 
inputs, from a high (leading edge) count origin. 
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The output drivers are rise and fall slew rate con- 
trolled to ~1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the 20 out- 
puts. These outputs also feature series termination 
(~40 Ohms) to significantly reduce the overshoot 
and undershoot of non-terminated transmission 
lines. This will satisfy printed circuit line impedances 
of 50 to 75 Ohms terminated into 15 pF (two IC input 
package receiver pins). When applications require 
large load capacitance (>25pF with 50 Ohm P.C. 
board impedance at higher frequencies) and/or large 
peak voltage amplitudes (>3.5 Volts), two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see Clock 
Driver Application Note #1). 


Power and ground are interdigitated with the out- 
puts. Of the 52 package pins, 22 are used for low 
impedance on-chip power distribution. Due to the 
simultaneous switching of outputs, low impedance 
+Vcoc and ground planes within the P.C. board are 
recommended, as well as substantial decoupling ca- 
pacitance (see clock Driver Application Note #1 for 
recommendations). 


The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. Col- 
lectively, the resistance, inductance and capacitance 
of the package and wire bonding is managed to in- 
sure that the SC3508 will exhibit skews less than the 
specified maximum. A plastic 52 lead quad flat pack 
with .039" lead pitch is employed with an outer lead 
square footprint of approximately 0.7" per side. 
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Power Management 


The overall goal of managing the power dissipated by the SC3508 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3508 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-44 for complete load definition). 


The above output power must then be added to the core power (400 mW) of the SC3508 to determine the total 
power being dissipated by the SC3508. This total power is then multiplied by the SC3508’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3508. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 
$SC3508 is as follows: 


STILL AIR 100 LINFT/MIN | 200 LIN FT/MIN 
THERMAL RESISTANCE | 50°C/WATT 40°C/WATT 


For example: An SC3508 with 12 of the outputs running at 50 MHz with 15 pF loads (12 x 39 = 468 mW + 8 x 
14 = 112 mW for a Total of 580 mW). The Total Chip Power is Core Power (400 mW) + Fo Power (580 mW) = 
980 mW. Your design calls for a 70°C Still Air ambient. The SC3508’s junction temperature would then be: 
70°C + (.98 Watts x 50°C/Watt = 49°C) = 119°C, which is below the 140°C maximum junction temperature. 


AC Test Circuit 


PECL 
(ECL @+5V) me SC3508 
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Designing the SC3508 for “Real Loads” 


While the AC Test Circuit presented on Page 3-43 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3508 to provide clean clock 
transitions when presented with a realistic reactive load. 
AMCC’s assumptions are that the SC3508 will be driving 
a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered 
TTL or CMOS input receiver pins. This end of line 


Evaluation Circuit 


Vcc = +5.0V 


10 


(iam aa 
C) 


10 


YVQO;QOOQ1O0 Q 


$C3508 20-OUTPUT CLOCK DRIVER 


Capacitive loading will cause overall impedance to drop 
to under 50 Ohms. Therefore, to a first approximation, 
this clock output driver will cleanly drive P.C. line lengths 
of 6" to 12" with input capacitive loads ranging up to 15 
pF at frequencies up to 80 MHz. Higher load capaci- 
tance can be accommodated by two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in 
Clock Driver Application Note #1. 


10 10 10 10 
YVQIQO1O O 


- }«#-—_-——- ~6 INCHES of 70 OHM P.C.B. | 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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20-OUTPUT CLOCK DRIVER $C3508 


52—Pin PQFP Package 


\e 1 INDICATOR 


BODY SIZE PLUS {3.2 MM FOOTPRIN 


i cds 
LTR LEADS 

aes ae a 

i ee 

| 2.45 

40 {920 

tt a ae 


5 


Ay | +10 | 


STANDOFF 
0.25 MIN. 
A 


2 
2.4, 
LEAD 
1720 COPLANARITY 
| 40. 


Be) 
At 
| _A2 | 
| Ag | 10 | 2.00 ore ins 
Das 
| Dy 
ia ae 
Le Ea 


5 
17.20 
14.00 
+.15/.10 


PIN# SIGNAL | PIN# SIGNAL |PIN# SIGNAL | PIN# SIGNAL | 
RESET | 14 27 NC 40 


vcc 


OONOOARWNH— 


PECL OSCP CLK SEL 


Ordering Codes 


Package Type Max Skew Across Max Skew Part Number 
All Outputs Chip to Chip 
52 Lead Plastic Quad Flat Pack SC3508Q-2 
52 Lead Plastic Quad Flat Pack 0.5 ns SC3508Q-1 
52 Lead Plastic Quad Flat Pack SC3508Q 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA © (619) 450-9333 Page 3-45 


Applied Micro Circuits Corporation 
Page 3-46 6195 Lusk Blvd., San Diego, CA ® (619) 450-9333 


DEVICE SPECIFICATION 


10-OUTPUT CLOCK DRIVER $C3517 
GENERAL DESCRIPTION FEATURES 
The SC3517 is a precision low skew clock driver with . 10) clock outputs: 
ten outputs. It requires a 2X frequency clock input from = Cyereeroutpy 7 
a single ended TTL or an ECL differential source oper- - Five (5) outputs at primary frequency, up to 
ating between +5V and ground. This 2X reference 80 MHz 
frequency input is received and distributed to symmetri- - Five (5) outputs at primary or 1/2 primary 
cal, divide-by-two master-slave flip-flops. The resultant frequency 


output is distributed to the clock output drivers. 


Leading edge skew for all outputs <0.5 ns 


The ten (10)-clock outputs are divided into two groups. ¢ Proprietary output drivers with: 
The first group of five (5) outputs are unconditionally at - Complementary 24 mA peak outputs, 
the primary frequency, “Fb’= F input/2. The second source and sink 


group, “Fc”, of five outputs can be selected to be either 


identical to “Fb” or at 1/2 the frequency of “Fb”. There - 50-752 source series termination 


are no “Fa” outputs on the SC3517. - Dynamic drive adjustment to match load 
conditions 

Applied Micro Circuits Corporation (AMCC) uses pro- - Edge rates less than 1.5 ns 

prietary complementary (Source and sink) 24 mA peak » Eliminates the ground-bounce, 

output drivers. In addition to their drive capability, these overshoot, and ringing problems often 

circuits provide “source (Series) termination” at the TTL encountered when using CMOS and 

outputs that minimize over/undershoot without requiring Bipolar drivers 


on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Logic Diagram 


There are no “Fa” outputs on the SC3517 


ha BINARY F/o—S 
COUNTER 


cLock sEL [1 Fi2 F/4 


"Fo" SEL z 
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$C3517 


Absolute Maximum Ratings 


Storage Temperature ...............cccceeeees -55° to +150°C 
Vcc Potential to Ground.............. -0.5V to +7.0V 
INPUT VOltAGE ....... ee eeccccececeeceeseeeeeeees -0.5V to +Vcc 
Static Discharge Voltage ................cc0sccceseeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Laich-Up Currents inaccsccccescssionauiacss >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


10-OUTPUT CLOCK DRIVER 


Capacitance (package) 


DUE PINS woos ooszswesssayvaazing sata sevatpideatouwesdeesniatmacens 5.0 pF 
TPM OUIDUE PINS 4 cccstorsinats octastassasedevecasteenuedes 5.0 pF 


Voc = +5.0V + 5%, Tg = 0°C to + 70°C (reference AC Test Circuit, Page 3-53) 


IN = 2.4V 
IN = 2.4V 


Ne 


TTL, CSEL Vin = 0.4V 


Output HIGH Voltage 


1. Maximum test duration, one second. 


The SC3517 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


VIL 
Voc -2.0V 


VIH VIH 

INPUT DIFFERENTIAL >< Vip = 400mv 
V 

IL 
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DC Characteristics 


The SC3517 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3517 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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10-OUTPUT CLOCK DRIVER $C3517 


AC Specifications - Using AC Test Circuit (Page 3-53) 


Vec = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


Maximum Rising/Falling Edge Rate 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and 
temperature. It is derated at 0.5 ns/V and 10 ps/°C. Chip to chip skew tested at 70°C. 


3. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 
dict Cycle will be affected by voltage, temperature, and load (including the length of 
the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 
5pF load difference equals a 250 ps skew difference. 


a: Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) 
with a 10 pF capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may 
be paralleled for higher loads. 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 __ Page 3-49 


AIMCG 


$C3517 10-OUTPUT CLOCK DRIVER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip clock driver with ten 
outputs using AMCC’s advanced BiCMOS process. 
This design has been optimized for minimum skew 
across all ten outputs. 


For best performance this approach will require a 2X 
clock source input. This input frequency source, oper- 
ating between +5V and ground, can provide either dif- 
ferential ECL inputs (referenced to +5V , PECL) or single 
ended TTL (CMOS) input level to AMCC’s Clock Driver. 
This selection is accomplished by use of the CLKSEL 
pin, where logic LOW (or “float”) select TTL and logic 
HIGH selects PECL. This 2X input clock will be fanned 
out to a divide counter and to flip-flops for synchroniza- 
tion, then to the translation amplifiers and output drivers 
(refer to the preceding logic diagram) . The output duty 
cycle asymmetry is largely a function of the output driver 
slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100 ms) is connected 
between this pin and ground, the device will respond 
with a “power up reset” - a delay in the clock outputs 
becoming active. On the first falling edge clock input 
after RESET goes low, the outputs will go low in se- 
quence (the output divide count continues, but once an 
output goes low, it is held low). When RESET is re- 
leased (high) the outputs will resume counting, after five 
falling edge clock input delays, from their low state (see 
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“Relative Output Timing’, Page 3-52 and “Reset To 
Output Timing’, in the Application Note). 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 10 outputs. These 
outputs also feature series termination (~40 Ohms) to 
significantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 50 to 75 Ohms termi- 
nated into 15 pF (two I.C. input package receiver pins). 
When applications require large load capacitance 
(>25pF with 50 Ohm P.C. board impedance at higher 
frequencies) and/or large peak voltage amplitudes (>3.5 
Volts), two adjacent drivers may be paralleled, thereby 
halving the series resistance and doubling the peak 
current (see Application Note #1). 


Power and ground are interdigitated with the outputs. Of 
the 28 package pins, 10 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3517 will exhibit skews less than the specified maxi- 
mum. A plastic 28 lead small outline package with .050" 
lead pitch is employed with an outer lead rectangular 
footprint of approximately 0.7" by 0.4". 
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Output Clock Frequency Selection 


Note: XCO is the input frequency for either the PECL Inputs or the 
TTL Input. Non—crystal oscillator sources may be used at the 
user’s discretion. See Application Note #1. 


Power Management 


The overall goal of managing the power dissipated by the SC3517 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3517 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-53 for complete load definition). 


HO mW 


25M 
20 MHz 


The above output power must then be added to the core power (400 mW) of the SC3517 to determine the total 
power being dissipated by the SC3517. This total power is then multiplied by the SC3517’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3517. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 
SC3517 is as follows: 


STILL AIR 
THERMAL RESISTANCE 50°C/WATT 
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The outputs of the SC3517 are nominally centered to provide a clean 50% duty cycle, symmetrical waveform at 
the +1.5V threshold reference (see Threshold Crossing Characteristics diagram below for the conditions). 


Relative Output Timing 


INPUT 


50% + 10% 


INPUTS 


50% + 1ns 


CLOCK 
OUTPUT 


+0.8V 


T risel— 1.5ns 1.5ns T fall 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of board trace (70 Ohm) — 
with a 10 pF capacitive load. See Application Note #1. 
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10-OUTPUT CLOCK DRIVER 9C3517 


AC Test Circuit 


$C3517 


PECL ap 


(ECL @+5V) 


Designing the $C3517 for “Real Loads” 


While the AC Test Circuit presented above can be adequate for initial device evaluation and incoming inspection, it 
does not represent “real loads” in products. 


AMCC has designed the S$C3517 to provide clean clock transitions when presented with a realistic reactive load. 
AMCC’s assumptions are that the SC3517 will be driving a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered TTL or CMOS input receiver pins. This end of line capacitive 
loading will cause overall impedance to drop to under 50 Ohms. Therefore, to a first approximation, this clock output 
driver will cleanly drive P.C. line lengths of 6" to 12" with input capacitive loads ranging up to 15 pF at frequencies 
up to 80 MHz. Higher load capacitance can be accommodated by two parallel outputs. 


Within this general circuit model, AMCC has developed the Evaluation Circuit presented below. This is a mid-point 
model and can be modified to reflect a specific end use. More details concerning this are presented in Clock Driver 
Application Note #1. 

Evaluation Circuit 


Vec = +5.0V 


Ont 
e 


a }«———_—- ~6 INCHES of 70 OHM P.C.B. 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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$C3517 | 10-OUTPUT CLOCK DRIVER 


28—Lead Small Outline Integrated Circuit Plastic Package (SOIC) 


TTLOSC 
CLKSEL 
RESET 
GND 
FB4 
GND 
FB3 
vec 


ODONDO OA WN = 


eee Cae er 
QOH =- © 


-_ 
p- 


+0.010 
.056 BSC 


— .015 Xx 45° 


.050 PITCH TYP 


Dimensions nominal in inches. 


Ordering Codes 


Package Type Max Skew Across Part Number ; 
All Outputs 
28 Lead Small Integrated Circuit Plastic Package | 05 ms SC3517S-1 
28 Lead Small Integrated Circuit Plastic Package $C3517S 
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AIMICIG 


$C3518 


10-OUTPUT CLOCK DRIVER 


GENERAL DESCRIPTION 


The SC3518 is a minimum skew clock driver with ten 
outputs. It can employ a clock input from a single ended 
TTL or an ECL differential source operating between 
+5V and ground. This reference frequency input is 
received and distributed to the clock output drivers. 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (Source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the TTL 
outputs that minimize over/undershoot without requiring 
on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Logic Diagram 


FEATURES 


Ten (10) clock outputs at primary 
frequency up to 80 MHz 


Leading edge skew for all outputs <0.5 ns 

Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 50-75Q source series termination 


- Dynamic drive adjustment to match load 
conditions 

- Edge rates less than 1.5 ns 

Eliminates the ground-bounce, overshoot, 


and ringing problems often encountered 
when using CMOS and Bipolar drivers 


Compatible with Intel’s Pentium™ 
processor 


Beas 


RESET ei Tip 


CLOCK SEL[_| 
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Lm 
a Le 


fa 


There are no “Fa” outputs on the SC3518 
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$C3518 

Absolute Maximum Ratings 

Storage Temperature .............cccccceeees -55° to +150°C 
Vcc Potential to Ground...................0.. -0.5V to +7.0V 
WADUT V ONGC asessasincicodevarsialacivectvctsvastes -0.5V to +Vcc 
Static Discharge Voltage ...............cccccccceeseeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current ...........ccccccscssssssssessssssssseees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


10-OUTPUT CLOCK DRIVER 


Capacitance (package) 


WNDU PINS ices onleconidie Rare wees 5.0 pF 
TEL QumDUE PING sacsioestiieieeid Gide eerie cieebenies 5.0 pF 


Voc = +5.0V + 5%, T, = 0°C to + 70°C (reference AC Test Circuit, Page 3-60) 


Input HIGH Current (PECL) 


Vin = Voc (max) 


CLKSEL Vin = Voc (max) 


out = 80MHz max C, = 10pF 
out = 80OMHz max C, = 10pF 


utput High, Vout = OV Typ 


utput Low, Vout = Vcc Typ 
eference Page 3-59 @ 70°C 


1. Maximum test duration, one second. 


The SC3518 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 
PECL Differential Input Voltage Range 


+Voc 


VIL 
Voc -2.0V 


VIH VIH 

INPUT DIFFERENTIAL Vip = 400MV 
V 

IL 
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DC Characteristics 


The SC3518 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3518 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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AC Specifications - Using AC Test Circuit (Page 3-60) 


Veco = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


J Parameter SC8518-2_|SC3518-1 | SC3518_| Units 
Ce ee ee 
Maximum Skew Chip to Chip | OOF Os 
[Maximum Skew Across Fb or Fe Outputs | 0.25 | 0.25 | 0.25 | ns_| 
Maximum TTL put Frequency 0] 80 | 60 | 
[Maximum Differential PECL Input Frequency | 80 | S80] S80 MHz 
[Maximum Rising/Falling Edge Rate | S| | 8 | ons | 


“Notes: 
Skew is referenced to the rising edges of all outputs 


ee Chip to chip skew specification valid only for parts operating at the same voltage and temperature. It is derated 
at 0.5 ns/V and 10 ps/°C Chip to chip skew tested at 70°C. 

3. The SC3518 output symmetry follows input symmetry. Output duty cycle will also be affected by voltage and 
load (including the length of the PC trace). 

4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference 
equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6” board trace (70 Ohm) with a 10 pF 
capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 
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$C3518 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip ten output clock 
buffer driver using AMCC’s advanced BiCMOS process. 
This design has been optimized for absolute minimum 
skew across all ten outputs. 


The clock source input for this device may operate between 
+5V and ground and can provide either differential ECL 
inputs (referenced to +5V , PECL) or single ended TTL 
(CMOS) input levels to AMCC’s Clock Driver. This selec- 
tion is accomplished by use of the CLKSEL pin, where logic 
LOW (or “float’) selects TTL and logic HIGH selects 
PECL This input clock will be fanned out to translation 
amplifiers and output drivers, refer to the preceding logic 
diagram. The output duty cycle asymmetry becomes 
largely a function of the input clock waveshape and the 
output driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user's system. This 
pin may be logically driven from a TTL output. Optionally, 
if a capacitor (4.7uF = ~100ms) is connected between this 
pin and ground, the device will respond with a “power up 
reset” - a delay in the clock outputs becoming active. At 
the onset of RESET (low) the outputs will go low following 
four falling edge clock inputs. At the expiration of RESET 
(high) the outputs will resume, after four falling edge clock 
inputs, from a high (leading edge) count origin. 
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10-OUTPUT CLOCK DRIVER 


The output drivers are rise and fall slew rate controlled to 
~1.5V/ns to minimize noise and distortion resulting from 
simultaneous switching of the 10 outputs. These outputs 
also feature series termination (~40 Ohms) to signifi- 
cantly reduce the overshoot and undershoot of non-ter- 
minated transmission lines. This will satisfy printed 
circuit line impedances of 50 to 75 Ohms terminated into 
15 pF (two IC input package receiver pins). When 
applications require large load capacitance (>25pF with 
50 Ohm P.C. board impedance at higher frequencies) 
and/or large peak voltage amplitudes (>3.5 Volts), two 
adjacent drivers may be paralleled, thereby halving the 
series resistance and doubling the peak current (see 
Clock Driver Application Note #1). 


Power and ground are interdigitated with the outputs. Of 
the 28 package pins, 10 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Application 
Note for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3518 will exhibit skews less than the specified maxi- 
mum. A plastic 28 lead small outline package with .050" 
lead pitch is employed with an outer lead rectangular 
footprint of approximately 0.7" by 0.4". 
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Power Management 


The overall goal of managing the power dissipated by the SC3518 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3518 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 


dependencies (see Evaluation Circuit on Page 3-60 for complete load definition). 


20 MHz 


The above output power must then be added to the core power (400 mW) of the SC3518 to determine the total 
power being dissipated by the SC3518. This total power is then multiplied by the SC3518’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3518. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 


$C3518 is as follows: 


STILL AIR 
THERMAL RESISTANCE 50°C/WATT 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


CLOCK 
OUTPUT +2.0V 


+1.5V 
+0.8V 


T rise} 1.5ns 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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AMES 


$C3518 


AC Test Circuit 


PECL 
(ECL @+5V) 


Designing the $C3518 for “Real Loads” 


While the AC Test Circuit presented above can be 
adequate for initial device evaluation and incoming in- 
spection, it does not represent “real loads” in products. 


AMCC has designed the SC3518 to provide clean 
clock transitions when presented with a realistic reac- 
tive load. AMCC’s assumptions are that the SC3518 
will be driving a selected length(s) of 70 Ohm (Zo) P.C. 
board trace terminated by a small number of end of 
line clustered TTL or CMOS input receiver pins. This 
end of line capacitive loading will cause overall imped- 
ance to drop to under 50 Ohms. Therefore, to a first 


Evaluation Circuit 


Vcc = +5.0V 


10-OUTPUT CLOCK DRIVER 


ny SC3518 


approximation, this clock output driver will cleanly 
drive P.C. line lengths of 6" to 12" with input capacitive 
loads ranging up to 15 pF at frequencies up to 80 MHz. 
Higher load capacitance can be accommodated by 
two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. AMCC will Spice model any reasonable load pre- 
sented at customer request, driven by our output drivers. 
More details concerning this are presented in Clock 
Driver Application Note #1. 


10 10 10 10 


10 10 
(Dai. TOTO 010 010010 010 0 
@ 


+ ~6 INCHES of 70 OHM P.C.B. : | 


NOTES: All inductance is innH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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10-OUTPUT CLOCK DRIVER $C3518 


28-Lead Small Outline Integrated Circuit Package (SOIC) 


TTLOSC 
CLKSEL 
RESET 
GND 
FB4 
GND 
FB3 
VCC 


ONO Af WN = 


o 


= 
=-— O 


—_~_ = ok 
& WD 


056 


— 015 X 45° 


All dimensions in inches. 


Ordering Codes 


All Outputs Chip-to-Chip 
[28-Lead Small Integrated Circuit Plastic Package | 1.0ns_— | =~ — | SCa518S 
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DEVICE SPECIFICATION 


9—-OUTPUT CLOCK DRIVER $C3526 
GENERAL DESCRIPTION FEATURES 
The SC3526 is alow skew clock driver with nine outputs. ¢ Five (5) clock outputs at reference 


Five outputs operate at the primary reference frequency 
and four outputs operate at half the primary reference 
frequency. A synchronous reset ensures proper phase 


frequency up to 66 Mhz 


¢ Four (4) clock outputs at half reference 


of the half frequency outputs. It can employ a clock input frequency up to 33 Mhz 
from a single ended TTL or an ECL differential source ¢ Leading edge skew for all outputs <700 ps 
operating between +5V and ground (PECL). This refer- - Proprietary output drivers with: 


ence frequency input is received and distributed to the 
clock output drivers. 


- Complementary 24 mA peak outputs, 
source and sink 


Applied Micro Circuits Corporation (AMCC) uses pat- - 50~-75Q equivalent source series 

ented complementary (Source and sink) 24 mA peak termination 

output drivers. These circuits provide “source (series) - Dynamic drive adjustment to match load 
termination” at the TTL outputs that minimize over/un- conditions 

dershoot without requiring on-board termination net- - Edge rates less than 1.5 ns 


works. They are designed for a maximum output slew 
rate of =1.5V/ns to minimize simultaneous output switch- 
ing noise, distortion, and EMI. 


APPLICATIONS 


¢ High speed clock distribution where 
signal fidelity and low noise are key 
requirements 


¢ High-performance 80486 and 
Pentium™ based systems 


Logic Diagram 


RESET ] 


CLOCK SEL |_| 


oom ait 


DELAY 
MATCHING 
FIF 
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There are no Fa outputs 


¢ Eliminates the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 


SYNC OUT 
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$C3526 


9-OUTPUT CLOCK DRIVER 


Absolute Maximum Ratings 


Storage Temperature ................:0000000 -55° to +150°C 
Vcc Potential to Ground..................... -0.5V to +7.0V 
INDUY: VONAQS <i saniiaaclnicanekonns -0.5V to +Vcc 
Static Discharge Voltage ..............:cccccccceeeeeees >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current ...............:cccccceceeeseseeeeeeeeees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


Capacitance (package) 


PFVDUIG- PAS cx tise cree en acdc ctcueseeevamsatensonceteasrtedune 5.0 pF 
TV Oumut PINS scesatiasisviie eaet einen 5.0 pF 


Voc = +5.0V + 5%, T, = 0°C to + 70°C (reference AC Test Circuit, Page 3-67) 


Vi 

iF 
[Rest ———SSSSCSCSCS—~S 
TTL 

n 
CResst 


1. Maximum test duration, one second. 


Reference Page 3-67 Ff 250 | 


The SC3526 features source series termination Ohms to assist in matching 


50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


VIH VIH 
INPUT DIFFERENTIAL >< Vip 2 400mVv 


VIL VIL 


Voc -2.0V 
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DC Characteristics 


The SC3526 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3526 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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AC Specifications - Using AC Test Circuit (Page 3-67) 


Vec = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


[Maximum TTL Input Frequency | 
Maximum Differential PECL Input Frequency | 66 


Maximum Rising/Falling Edge Rate 
Maximum TTL Output Frequency 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 
2. The SC3526 output symmetry follows input symmetry for Fc outputs. 


3. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 1.5V. Duty Cycle 
will be affected by voltage, temperature, and load (including the length of the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference 
equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF 
Capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 


Threshold Crossing Characteristics 
50% + 10% 


INPUTS 


50% + 1ns* 
Fa 


CLOCK 
OUTPUT 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 


*Applies only to divide-by-two outputs. 
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$C3526 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


- AMCC has developed a single chip nine output clock 
buffer driver using AMCC’s advanced BICMOS process. 
This design has been optimized for minimum skew 
across all nine outputs. 


The clock source input for this device can provide either 
differential ECL inputs (referenced to +5V , PECL) or single 
ended TTL (CMOS) input levels to AMCC’s Clock Driver. 
This selection is accomplished by use of the CLKSEL pin, 
where logic LOW (or “float’) selects TTL and logic HIGH 
selects PECL This input clock will be fanned out to trans- 
lation amplifiers and output drivers, refer to the preceding 
logic diagram. The output duty cycle asymmetry becomes 
largely a function of the input clock waveshape and the 
output driver slew rate into the AC load. 


The synchronization circuit provides three serial flip flops 
clocked by the internally generated F/2 (half reference 
frequency) clock which can be used to provide a three— 
stage metastability filter or a three—cycle delay of the F/2 
outputs. The circuit receives its input from the SYNCIN 
input and feeds the D—input to the first flip—flop; the Q output 
of the flip-flop feeds the D-input of the second flip-flop 
which, in turn, feeds the third flip—flop. The Q output of the 
third flip-flop drives the SYNCOUT pin. 


When the RESET input is held high (active), the FCO-—4 
outputs will continue to run while the FBO-3 outputs will 
be driven high. When RESET is de—asserted, the FBO— 
3 outputs will be active after a fixed three—input clock 
delay, from a leading edge count origin. 
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The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 10 outputs. These 
outputs also feature series termination to significantly 
reduce the overshoot and undershoot of non-terminated 
transmission lines. This will satisfy printed circuit line 
impedances of 50 to 75 Ohms terminated into 15 pF (two 
IC input package receiver pins). When applications 
require large load capacitance (>25pF with 50 Ohm P.C. 
board impedance at higher frequencies) and/or large 
peak voltage amplitudes (>3.5 Volts), two adjacent driv- 
ers may be paralleled, thereby halving the series resis- 
tance and doubling the peak current (See Clock Driver 
Application Note #1 for simulation results). 


To lower noise and maintain signal fidelity, power and 
ground pins are interdigitated with the outputs. Of the 28 
package pins, 10 are used for low impedance on-chip 
power distribution. Due to the simultaneous switching 
of outputs, low impedance +Vcc and ground planes 
within the P.C. board are recommended, as well as 
substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3526 will exhibit skews less than the specified maxi- 
mum. A plastic 28 lead small outline package with .050" 
lead pitch is employed with an outer lead rectangular 
footprint of approximately 0.7" by 0.4". 
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Power Management 


The overall goal of managing the power dissipated by the SC3526 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3526 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-68 for complete load definition). Per output: 


The individual output power must then be added to the static core power (250 mW) of the SC3526 to determine 
the total power being dissipated by the SC3526. This total power is then multiplied by the SC3526’s thermal 
resistance, with the result being added to the ambient temperature to determine the junction temperature of the 
SC3526. For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for 


the SC3526 is as follows: 
STILL AIR 
THERMAL RESISTANCE 50°C/WATT 


AC Test Circuit 


ull Ly SC3526 


PECL 
(ECL @+5V) 
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SC3526 9—-OUTPUT CLOCK DRIVER 


Designing the SC3526 for “Real Loads” 


While the AC Test Circuit presented on Page 3-67 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3526 to provide clean 
clock transitions when presented with a realistic reac- 
tive load. AMCC’s assumptions are that the SC3526 
will be driving a selected length(s) of 70 Ohm (Zo) P.C. 
board trace terminated by a small number of end of 
line clustered TTL or CMOS input receiver pins. This 


Evaluation Circuit 


Vcc = +5.0V 


10 10 


end of line capacitive loading will cause overall imped- 
ance to drop to under 50 Ohms. Therefore, to a first 
approximation, this clock output driver will cleanly drive 
P.C. line lengths of 6" to 12" with input capacitive loads 
ranging up to 15 pF at frequencies up to 66 MHz. Higher 
load capacitance can be accommodated by two parallel 
outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in Clock 
Driver Application Note #1. 


10 10 10 10 


JOT OO P.O 0 


7 }+—__-— ~6 INCHES of 70 OHM P.C.B. + 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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9-OUTPUT CLOCK DRIVER $C3526 


28-Lead Small Outline Integrated Circuit Plastic Package (SOIC) 


FB1 

VCC 

FBO 

GND 
SYNCOUT 
N/C 


GND 

FB2 

Vcc 

FB3 
PECLOSCN 
PECLOSCP 
TTLOSC SYNCIN 
CLKSEL N/C 
RESET VCC 
GND FCO 
FC4 VCC 
GND FC1 
FC3 GND 
VCC FC2 


AN OA FP WD = 


.056 BSC 


[~ 015 X 45° 


Dimensions nominal in inches. 


Ordering Codes 


Package Type Part Number 
28-Lead Small Integrated Circuit Plastic Package SC3526S 
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10-OUTPUT CLOCK DRIVER $C3528 


GENERAL DESCRIPTION FEATURES 


The SC3528 is a minimum skew clock driver with ten ¢ Ten (10) clock outputs at up to 66 MHz 
outputs. It can employ a clock input from a single 
ended TTL or an ECL differential source operating 
between +5V and ground (PECL). This reference ¢ Proprietary output drivers with: 
frequency input is received and distributed to the 
clock output drivers. 


e Leading edge skew for all outputs <700 ps 


— Complementary 24 mA peak outputs, source 
and sink 
Applied Micro Circuits Corporation (AMCC) uses pat- 
ented complementary (Source and sink) 24 mA peak 
output drivers. These circuits provide “source (se- — Dynamic drive adjustment to match load 
ries) termination” at the TTL outputs that minimize conditions 
over/undershoot without requiring on-board termina- 
tion networks. They are designed for a maximum 
output slew rate of =1.5V/ns to minimize simulta- Eliminates the ground-bounce, overshoot, 
neous output switching noise, distortion, and EMI. and ringing problems often encountered 
APPLICATIONS when using CMOS and Bipolar drivers 


— 50-75Q equivalent source series termination 


~— Edge rates less than 1.5 ns 


e High speed clock distribution where signal 
fidelity and low noise are key requirements 


¢ High-performance 80486 and 
Pentium™-based systems 


Logic Diagram 
There are no Fa output on the SC3528 


De 


+Vcc 


RESET ic > 


CLOCK SEL] 
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$C2528 10-OUTPUT CLOCK DRIVER 


Absolute Maximum Ratings Capacitance (package) 

Storage Temperature ........................ -55° to +150°C TAU INS seactuctswetianeeecneuescs exaneeteatsotar rn 5.0 pF 
Voc Potential to Ground...................66 -0.5V to +7.0V TIL QOuUIpUtPINS cc nisiedincdiiciae ines 5.0 pF 
INPUT V ONAQG iiccss esas eer -0.5V to+Vcc 

Static Discharge Voltage ..................:eeeee >1750V 

Maximum Junction Temperature ................... +140°C 

Latch-Up Current ...........cccccccssssssssssesseeseeeees >200 mA 

Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 
Veco = +5.0V + 5%, Tg = 0°C to + 70°C (reference AC Test Circuit, Page 3-75) 


Input HIGH Voltage (PECL) 
Input HIGH Voltage (TTL) 
Input LOW Voltage (PECL) 
Input LOW Voltage (TTL) 


NH Input HIGH Current (PECL) Vin = Vcc (max) 
CLKSEL Vin = Vcc (max) 


1. Maximum test duration, one second. 


The SC3528 features source series termination to assist in matching 
50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range DC Characteristics 


The SC3528 has been designed specifically for 
clock distribution. In the development of this prod- 
Vco uct, AMCC has made several trade-offs between the 
Vin historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
INPUT puts. As a result of this, the SC3528 will dynami- 
VIL cally source and sink a symmetrical 24 mA of current. 

Vi 2 Va In a DC state, it exhibits the following specifications: 
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AC Specifications - Using AC Test Circuit (page 3-75) 


Veco = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


Maximum TTL Input Frequenc 


Maximum Differential PECL Input Frequenc 
Maximum Rising/Falling Edge Rate 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. The SC3528 output symmetry follows input symmetry. Output duty will also be affected by voltage and load 
(including the length of the PC trace). 


3. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference 
equals a 250 ps skew difference. 


4. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF 
Capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


CLOCK 
OUTPUT +2.0V 


+1.5V 
+0.8V 


T rise 1.5ns 


NOTE: Trise and Tfall are “real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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$C3528 | 10-OUTPUT CLOCK DRIVER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip ten output clock 
buffer driver using AMCC’s advanced BiCMOS process. 
This design has been optimized for minimum skew 
across all ten outputs. 


The clock source input for this device can provide either 
differential ECL inputs (referenced to +5V , PECL) or single 
ended TTL (CMOS) input levels to AMCC’s Clock Driver. 
This selection is accomplished by use of the CLKSEL pin, 
where logic LOW (or “float’) selects TTL and logic HIGH 
selects PECL This input clock will be fanned out to trans- 
lation amplifiers and output drivers, refer to the preceding 
logic diagram. The output duty cycle asymmetry becomes 
largely a function of the input clock waveshape and the 
output driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Optionally, 
if a capacitor (4.7uF = ~100ms) is connected between this 
pin and ground, the device will respond with a “power up 
reset” - a delay in the clock outputs becoming active. On 
the fourth falling edge clock input after RESET goes low, 
the outputs will go low in sequence (the output divide count 
continues, but once an output goes low itis held low). When 
RESET is released (high), the outputs will resume count- 


ing, after four falling edge clock input delays, from their low _ 


state. 
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The output drivers are rise and fall slew rate controlled to 
~1.5V/ns to minimize noise and distortion resulting from 
simultaneous switching of the 10 outputs. These outputs 
also feature series termination to significantly reduce the 
overshoot and undershoot of non-terminated transmis- 
sion lines. This will satisfy printed circuit line imped- 
ances of 50 to 75 Ohms terminated into 15 pF (two IC 
input package receiver pins). When applications require 
large load capacitance (>25pF with 50 Ohm P.C. board 
impedance at higher frequencies) and/or large peak 
voltage amplitudes (>3.5 Volts), two adjacent drivers 
may be paralleled, thereby halving the series resistance 
and doubling the peak current (See Clock Driver Appli- 
cation Note #1 for simulation results). 


To lower noise and maintain signal fidelity, power and 
ground pins are interdigitated with the outputs. Of the 28 
package pins, 10 are used for low impedance on-chip 
power distribution. Due to the simultaneous switching 
of outputs, low impedance +Vcc and ground planes 
within the P.C. board are recommended, as well as 
substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3528 will exhibit skews less than the specified maxi- 
mum. A plastic 28 lead small outline package with .050" 
lead pitch is employed with an outer lead rectangular 
footprint of approximately 0.7" by 0.4". 
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10-OUTPUT CLOCK DRIVER $C3528 


Power Management 


The overall goal of managing the power dissipated by the SC3528 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3528 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-76 for complete load definition). Per output: 


The individual output power must then be summed and added to the static core power (250 mW) of the SC3528 
to determine the total power being dissipated by the SC3528. This total power is then multiplied by the 
SC3528’s thermal resistance, with the result being added to the ambient temperature to determine the junction 
temperature of the SC3528. For greatest reliability, this junction temperature should not exceed 140°C. The 


thermal resistance for the SC3528 is as follows: 
STILL AIR 
THERMAL RESISTANCE 50°C/WATT 


AC Test Circuit 


eee iy SC3528 


PECL 
(ECL @+5V) 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 Page 3-75 


AIMCG 


$C3528 10-OUTPUT CLOCK DRIVER 


Designing the SC3528 for “Real Loads” 


While the AC Test Circuit presented on page 3-75 can 


be adequate for initial device evaluation and incoming 


inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3528 to provide clean 
clock transitions when presented with a realistic reac- 
tive load. AMCC’s assumptions are that the SC3528 
will be driving a selected length(s) of 70 Ohm (Zo) P.C. 
board trace terminated by a small number of end of 
line clustered TTL or CMOS input receiver pins. This 
end of line capacitive loading will cause overall imped- 


Evaluation Circuit 
Vcc = +5.0V 


ance to drop to under 50 Ohms. Therefore, to a first 
approximation, this clock output driver will cleanly 
drive P.C. line lengths of 6" to 12" with input capacitive 
loads ranging up to 15 pF at frequencies up to 66 MHz. 
Higher load capacitance can be accommodated by 
two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in Clock 
Driver Application Note #1. 


10 10 10 10 


10 10 
(1) _) come SOO OOOO OTO O10 C 
@ 


— \. ~6 INCHES of 70 OHM P.C.B. a | 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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10-OUTPUT CLOCK DRIVER S$C3528 
Package 28 Lead Small Outline Integrated Circuit Plastic Package (SOIC) 


GND 

FC3 

VCC 

FC4 
PECLOSCN c— 
PECLOSCP 
TTLOSC 
CLKSEL 
RESET 
GND 

FB4 

GND 

FB3 

VCC 


On Oot WN = 


.056 8SC 


— 015 X 45° 


.018 TYP 
.050 PITCH TYP 


Dimensions nominal in inches. 


Ordering Codes 


28 Lead Smail Integrated Circuit Plastic Package SC3528S 
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DEVICE SPECIFICATION 


10—-OUTPUT CLOCK DRIVER WITH POWER—DOWN FEATURE $C3529 


GENERAL DESCRIPTION FEATURES 


The SC3529 is a minimum skew clock driver with ten Ten (10) clock outputs at up to 66 MHz 
outputs. Itcan employ a clock input from a single—ended ; 

TTL or an ECL differential source operating between Two control pins enable power down 

+5V and ground (PECL). This reference frequency input feature on two, five, or all outputs 

is received and distributed to the clock output drivers. Leading edge skew for all outputs <700 ps 


Power down circuitry is included that allows the disabling Proprietary output drivers with: 


of two, five, or all outputs. The two control signals are - Complementary 24 mA peak outputs, 

synchronized to the reference to prevent duty—cycle source and sink 

distortion during power up or power down sequencing. - 50-75Q equivalent source series 
termination 

Applied Micro Circuits Corporation (AMCC) uses pat- - Dynamic drive adjustment to match load 


ented complementary (source and sink) 24 mA peak 
output drivers. These circuits provide “source (series) 
termination” at the TTL outputs that minimize over/un- 
dershoot without requiring on-board termination net- Eliminates the ground-bounce, overshoot, 
works. They are designed for a maximum output slew and ringing problems often encountered 
rate of =1.5V/ns to minimize simultaneous output switch- when using CMOS and Bipolar drivers 

ing noise, distortion, and EMI. 


conditions 
- Edge rates less than 1.5 ns 


APPLICATIONS 


¢ High speed clock distribution where 
signal fidelity and low noise are key 
requirements 


¢ High-performance 80486 and 
Pentium™ based systems 


Figure 1. Logic Diagram 


There are no Fa outputs 


> 
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$C3529 


Absolute Maximum Ratings 


Storage Temperature .................008 -55° to +150°C 
Vcc Potential to Ground..................... -0.5V to +7.0V 
Input Voltage .............ccccessseeeeeeceeeeeeeenees -0.5V to +Vcc 
Static Discharge Voltage ...........ceeeeeeceeeeeeee >1750V 
Maximum Junction Temperature ................... +140°C 
LatCh-=UD Gurren secdeivcdseasssve tees cawdecsonavineaa >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 
Voc = +5.0V + 5%, Tg = 0°C to + 70°C (reference AC Test Circuit, Page 3-83) 


Differential Source-PECL 


CLKSEL, CTLO, CTL1 


10-OUTPUT CLOCK DRIVER WITH POWER-DOWN FEATURE 


Capacitance (package) 


WVU: IS cass acc vevenceeede soe eexevsnssewensesieseenesstneta: 5.0 pF 
TIE Output PinSee cccdctanteic acne eecuné 5.0 pF 


in = Voc (max) 


Reset IN = 2.4V 


Disabled Power Dissipation 
1. Maximum test duration, one second. 


Reference Page 3-83 (Outputs High)} =| 250 | mW | 


The SC3529 features source series termination to assist in matching 


50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


VIH VIH 
INPUT DIFFERENTIAL >< Vip = 400mV 


VIL 


ViL 
Voc -2.0V 
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DC Characteristics 


The SC3529 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3529 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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10-—OUTPUT CLOCK DRIVER WITH POWER-DOWN FEATURE S$C3529 
AC Specifications - Using AC Test Circuit (Page 3-83) 


Vec = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


SC3529 
[Maximum Skew Across All Outputs | 700 |p 
[Maximum TTL Input Frequency | 66 MHz 
[Maximum Differential PECL Input Frequency | 66] MHz 
15 | aS, 
=a 


Units 


<= 
N 


= 


Maximum Rising/Falling Edge Rate | ons | 
Maximum TTL Output Frequenc | MHz. | 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. The SC3529 output symmetry follows input symmetry. Output duty cycle will also be affected by voltage and 
load (including the length of the PC trace). 


3. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference 
equals a 250 ps skew difference. 


4. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF 
capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 


Threshold Crossing Characteristics 


50% + 10% 


CLOCK 
OUTPUT +2.0V 


+1.5V 
+0.8V 


T risele— 1.5ns 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 
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10-OUTPUT CLOCK DRIVER WITH POWER—DOWN FEATURE 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip ten output clock 
buffer driver using AMCC’s advanced BiCMOS process. 
This design has been optimized for minimum skew 
across all ten outputs. 


The clock source input for this device can provide either 
differential ECL inputs (referenced to +5V , PECL) or single 
ended TTL (CMOS) input levels to AMCC’s Clock Driver. 
This selection is accomplished by use of the CLKSEL pin, 
where logic LOW (or “float’) selects TTL and logic HIGH 
selects PECL This input clock will be fanned out to trans- 
lation amplifiers and output drivers, refer to the preceding 
logic diagram. The output duty cycle asymmetry becomes 
largely a function of the input clock waveshape and the 
output driver slew rate into the AC load. 


The CTLO and CTL1 inputs can be used to “power down” 
two, five, or ten of the SC3529’s outputs. The control 
circuitry is designed to be synchronous with the reference 
clock to prevent duty cycle distortion during power—up or 
power—down sequencing. 


When the inputs are configured per the table below, the 
appropriate outputs are driven to the minimum power 
state (LOW). With all outputs disabled, the power of the 
device is equal to its static dissipation of 200 mW. 


CTL1 FUNCTION 
All outputs enabled 


FCO—FC4 enabled 


| oo 
elles 
| 0 | FBO-FB1 enabled 
[__1 | _All outputs disabled __| 


are 

_ 
1 

a a 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100ms) is connected be- 
tween this pin and ground, the device will respond with 
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a “power up reset” — a delay in the clock outputs becom- 
ing active. At the onset of RESET (low) the outputs will 
go low following four falling edge clock inputs. At the 
expiration of RESET (high) the outputs will resume, after 
four falling edge clock inputs, from a high (leading edge) 
count origin. 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 10 outputs. These 
outputs also feature series termination to significantly 
reduce the overshoot and undershoot of non-terminated 
transmission lines. This will satisfy printed circuit line 
impedances of 50 to 100 Ohms terminated into 15 pF 
(two IC input package receiver pins). When applications 
require large load capacitance (>25pF with 50 Ohm P.C. 
board impedance at higher frequencies) and/or large 
peak voltage amplitudes (>3.5 Volts), two adjacent driv- 
ers may be paralleled, thereby halving the series resis- 
tance and doubling the peak current (see Clock Driver 
Application Note #1 for simulation results). 


To lower noise and maintain signal fidelity, power and 
ground pins are interdigitated with the outputs. Of the 28 
package pins, 10 are used for low impedance on-chip 
power distribution. Due to the simultaneous switching 
of outputs, low impedance +Vcc and ground planes 
within the P.C. board are recommended, as well as 
substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3529 will exhibit skews less than the specified maxi- 
mum. A plastic 28 lead small outline package with .050" 
lead pitch is employed with an outer lead rectangular 
footprint of approximately 0.7" by 0.4". 
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10-OUTPUT CLOCK DRIVER WITH POWER-DOWN FEATURE $C3529 


Power Management 


The overall goal of managing the power dissipated by the SC3529 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3529 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 3-84 for complete load definition). Per output: 


The individual output power must then be summed and added to the static core power (250 mW) of the SC3529 
to determine the total power being dissipated by the SC3529. This total power is then multiplied by the 
$C3529’s thermal resistance, with the result being added to the ambient temperature to determine the junction 
temperature of the SC3529. For greatest reliability, this junction temperature should not exceed 140°C. The 


thermal resistance for the SC3529 is as follows: 
STILL AIR 
THERMAL RESISTANCE 50°C/WATT 


AC Test Circuit 


eae “iy SC3529 


PECL 
(ECL @+5V) 
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$C3529 
Designing the SC3529 for “Real Loads” 


While the AC Test Circuit presented on Page 3-83 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3529 to provide clean 
clock transitions when presented with a realistic reac- 
tive load. AMCC’s assumptions are that the SC3529 
will be driving a selected length(s) of 70 Ohm (Zo) P.C. 
board trace terminated by a small number of end of 
line clustered TTL or CMOS input receiver pins. This 
end of line capacitive loading will cause overall imped- 


Evaluation Circuit 


Vcc = +5.0V 


10 10 


Ont 
OO 


10—OUTPUT CLOCK DRIVER WITH POWER-—DOWN FEATURE 


ance to drop to under 50 Ohms. Therefore, to a first 
approximation, this clock output driver will cleanly 
drive P.C. line lengths of 6" to 12" with input capacitive 
loads ranging up to 15 pF at frequencies up to 66 MHz. 
Higher load capacitance can be accommodated by 
two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in Clock 
Driver Application Note #1. 


10 10 10 
OVIQOYVQIOYLWIOYVIYAIWIO OQ 


- ft ~6 INCHES of 70 OHM P.C.B. —__-+| 


All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 


Page 3-84 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AiIMccG 


10-OUTPUT CLOCK DRIVER WITH POWER-—DOWN FEATURE $C3529 


28—Lead Small Outline Integrated Circuit Package (SOIC) 


.018 TYP 
.050 PITCH TYP 


Ordering Codes 


Package Type 


‘Lead Small Integrated Circuit Plastic Package [  §C3529S 
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NOTES 
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20-—OUTPUT LVTTL CLOCK DRIVER $C3306 
GENERAL DESCRIPTION FEATURES 
The SC3306 is a precision low skew clock driver with 20 ° Twenty (20) clock outputs: 

outputs. It employs a clock input from a single ended 


TTL or an ECL differential source operating between : a tae al Dimaly-NeEquency:MP 


+5V and ground (PECL). This reference frequency 


input is received and distributed to symmetrical, divide- - Ten (10) outputs at 1/2 primary frequency 


by-two master-slave flip-flops. The resultant output is ¢ All outputs are leading edge synchronized 
distributed to the clock output drivers. All outputs con- to within <0.5 ns 
form with JEDEC LVTTL levels. * Proprietary output drivers with: 


- Complementary 24 mA peak outputs, 
source and sink 


- 50-75Q source series termination 
- Dynamic drive adjustment to match load 


The twenty outputs are divided into two groups: group 
Fb is at the primary frequency, equal to the input; group 
Fa is at one half of the primary input frequency. 


Applied Micro Circuits Corporation (AMCC) uses pro- conditions 

prietary complementary (Source and sink) 24 mA peak - Edge rates less than 1.5 ns 

output drivers. In addition to their drive capability, these ¢ Output levels comply with JEDEC LVTTL 
circuits provide “source (series) termination” at the TTL standard 


outputs that minimize over/undershoot without requiring 
on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


¢ Eliminates the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 


¢ Compatible with Intel’s Pentium™ 
processor 


Logic Diagram 
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SC3306 

Absolute Maximum Ratings 

Storage Temperature ....................0000 -55° to +150°C 
Vcc Potential to Ground................00008 -0.5V to +7.0V 
Input Voltage ...........cccssssssssssssssssseeees -0.5V to +Vcc 
Static Discharge Voltage ...............cccssseceeeees >1750V 
Maximum Junction Temperature .................. +140°C 
Latch-up Current .............ccccccccecececeeeceeceeeeees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 


20-OUTPUT LVTTL CLOCK DRIVER 


Capacitance (package) 


POU SPINS eae isan cua aretee esac neat an conceals ances 5.0 pF 
TR OUTOUE RUNS iecseceibaaveasceecheutines seek cshvascnastes 5.0 pF 


Voc = +5.0V + 5%, Ta = 0°C to + 70°C (reference AC Test Circuit, Page 4-8) 


Parameter 


Input HIGH Voltage (PECL) 
Input HIGH Voltage (TTL) 
Input LOW Voltage (PECL) 
Input LOW Voltage (TTL) 
Input HIGH Current (PECL) 
CLKSEL 


Symbol 
ie 
Hie 
| lous? | 


Input LOW Current (PECL) 
CLKSEL 
Output HIGH Voltage 
Output LOW Voltage 


< 


lots! 


1. Maximum test duration, one second. 


Static Power Dissipation 


+Voc 
Voc 
CAITTLinpus | -05 | 08 |V_ 


Reset 


TTL 

| Four=80MHz,CL=10pF | 
Output HIGH Short Ckt Current_| Output High, Vour=OVTyp | -45 | | mA 
Output LOW Short Ckt Current_ | OutputLow, Vour=VccTyp | 55 | 


Reference Page 4-7 @ 70°C 


TVin=Vec (max) ————S«dYSCSC*d S00 | 
TVin=Vec(max) «dT —SCSC~dY~C8 | 
V ee ee 
=2.aV de 
Vin=Veo20V——~«iY~SC~«dSiZ YA 
TVin=04V—SSCSC~dSSSCSC*dSCSB 
Vins 05 SSC~*dSSSC*dYSC 8B 
[| 15 | uA 

[365 |v 


ee 


The SC3306 features source series termination of approximately 40 Ohms to assist in 


matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range 


+Voc 


ViH ViH 
INPUT DIFFERENTIAL >< Vip 2 400mv 
V 


ViL IL 
20 SS SSS 
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DC Characteristics 


The SC3306 has been designed specifically for 
clock distribution. In the development of this prod- 
uct, AMCC has made several trade-offs between the 
historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3306 will dynami- 
cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 
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20—OUTPUT LVTTL CLOCK DRIVER $C3306 


AC Specifications - Using AC Test Circuit (page 4-8) 


Vac = +5.0V +5%, Ta = 0°C to 70°C, Ci oan = 100F 


SC3306-1 
#1.0 
Max L Input Frequency 


SC3306 Units 


imum O +1 


Notes: 
1: Skew is referenced to the rising edges of all outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and 
temperature. It is derated at 0.5 ns/V and 10 ps/C. Chip to chip skew tested at 70°C. 


3. Output symmetry follows input symmetry for the 1X outputs. 


4. Asymmetry is defined as the deviation from a 50% duty cycle measured at 1.5V. Asymmetry 
will be effected by voltage, temperature, and load (including the length of the PC trace). 


5. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 
5pF load difference equals a 250 ps skew difference. 

6. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) 
with a 10 pF capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may 
be paralleled for higher loads. 


MH 
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$C3306 20—OUTPUT LVTTL CLOCK DRIVER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a twenty output fan-out device 
using an advanced BiCMOS process. This design has 
optimized the device for clock symmetry and absolute 
minimum skew across all twenty outputs. Two harmonic 
clock frequency groups are provided. 


For highest performance this approach requires a clock 
source input from a crystal controlled oscillator (XCO) 
located adjacent to the clock driver. This oscillator can 
provide either differential ECL inputs (referenced to +5V 
- PECL) or TTL (CMOS) input levels to the clock driver. 
The input selection is accomplished via the “Clock Sel” 
input where a “HIGH” level activates the differential ECL 
input and a “LOW” activates the TTL input. This input 
clock will be fanned out to a toggle flip-flop and to output 
flip-flops for synchronization, refer to the preceeding 
logic diagram. Using this methodology, the output duty 
cycle for the F/2 or Fa group becomes largely a function 
of output driver slew rate into the AC load. 


The Fb group duty cycle is governed by the input source 
clock. The output flip-flops are reset keyed for leading 
edge alignment. These outputs are amplified to fan out 
to AMCC’s complementary source terminated LVTTL 
output drivers. 


The RESET input is provided to hold off or clear the 
outputs as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100 ms) is connected 
between this pin and ground, the device will respond with 
a “power up reset” - a delay in the clock outputs becom- 
ing active. At the onset of RESET (low) the outputs will 
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go low following four falling edge clock inputs. At the 
expiration of RESET (high) outputs will resume, after 
four falling edge clock inputs, from a high (leading edge) 
count origin (see “Relative Output Timing”, pg. 4-8, and 
“Reset To Output Timing”,in the Application Note #1). 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination to significantly 
reduce the overshoot and undershoot of non-terminated 
transmission lines. This will satisfy printed circuit line 
impedances of 50-75 Ohms terminated into 15 pF (two 
IC input package receiver pins). When applications 
require large load capacitance (>25pF with 50 Ohm P.C. 
board impedance) and/or large peak voltage amplitudes 
(>3.5 Volts), two adjacent drivers may be paralleled, 
thereby halving the series resistance and doubling the 
peak current (see Application Note #1 for Spice models). 


Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to simultaneously 
switching outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
SC3306 will exhibit skews less than the specified maxi- 
mum. A plastic 52 lead quad flat pack with .039" lead 
pitch is employed with an outer lead square footprint of 
approximately 0.7" per side. 
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Power Management 


The overall goal of managing the power dissipated by the SC3306 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3306 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 4-9 for complete load definition). 


FREQUENCY | CLoap=5pF | CLtoap=10pF | CLoap=15pF | CLoap=25pF | CLoap=40pF | NO LOAD 


No LOAD. 


The above output power must then be added to the core power (400 mW) of the SC3306 to determine the total 
power being dissipated by the SC3306. This total power is then multiplied by the SC3306’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3306. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 
SC3306 is as follows: 


STILL AIR 100 LIN FT/MIN 200 LIN FT/MIN 
THERMAL RESISTANCE 50°C/WATT 40°C/WATT 35°C/WATT 


For example: AN SC3306 with 8 of the Fb outputs running at 66 MHz with 10 pF loads (8 x 33 = 264 mW + 2 x 
11 = 22 mW for an Fb Total of 286 mW), 3 of the Fa outputs are running at 33 MHz with 5 pF loads (3 x 13 = 39 
mW), and 2 Fa outputs running at 33 MHz with 15 pF loads (2 x 17 = 34 mW + 5 x 8 = 40 mW for an Fa Total of 
113 mW). The Total Chip Power is Core Power (400 mW) + Fb Power (286 mW) + Fa Power (113 mW) = 799 
mW. Your design calls for a 70°C Still Air ambient. The SC3306’s junction temperature would then be: 70°C + 
(.799 Watts x 50°C/Watt = 40°C) = 110°C, below the 140°C maximum. 
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$SC3306 | | 20-OUTPUT LVTTL CLOCK DRIVER 


Relative Output Timing 


INPUT. 


Fb 


AC Test Circuit 


PECL 


(ECL @ +5V) 


Threshold Crossing Characteristics 


50% + 1ns* 


Fa 
CLOCK 
OUTPUT 


+0.8V 


T risej=— 1.5ns 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm) 
with a 10 pF capacitive load. See Application Note #1. 


“Applies only to divide-by-two outputs. 
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Designing the SC3306 for “Real Loads” 


While the AC Test Circuit presented on Page 4-8 can be 
adequate for initial device evaluation and incoming in- 
spection, it does not represent “real loads” in products. 


AMCC has designed the SC3306 to provide clean clock 
transitions when presented with a realistic reactive load. 
AMCC’s assumptions are that the SC3306 will be driving 
a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered 
TTL or CMOS input receiver pins. This end of line 


Evaluation Circuit 


Vcc = +5.0V 


Ont 
@ 


20—OUTPUT LVTTL CLOCK DRIVER $C3306 


AIMCG 


capacitive loading will cause overall impedance to drop 
to under 50 Ohms. Therefore, to a first approximation, 
this clock output driver will cleanly drive P.C. line lengths 
of 6" to 12" with input capacitive loads ranging up to 15 
pF at frequencies up to 80 MHz. Higher load capaci- 
tance can be accommodated by two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details concerning this are presented in the 
Application Note #1. 


= }«-—_——- ~6 INCHES of 70 OHM P.C.B. | 


NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 
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$C3306 20—-OUTPUT LVTTL CLOCK DRIVER 


52—Pin Plastic Quad Flat Pack 


\e 1 INDICATOR 


PECL OSCN 
PECL OSCP 
TTL OSC 
GND 

FAQ 

VCC 


FA8 
| GND BODY SIZE PLUS 


Vcc LTR | LEADS 
FA6 TYP 
GND TYP 
FA5 MAX 


VCC 


= 

= 

. 7 
rs 

4 

Uv 

ps 

= 

4 


3.2 


H 

wali 

i=) 
ao 


0.25 MIN. 


CLK SEL 
MAX 0.100 


LEAD 
COPLANARITY 


17.20 
14.00 
17.20 


+.15/.10 


fe Os 
ae 
| Ag | 
| | 
| Dy 
Peck sail 
Ei 


H H 
= = 
Oo oO 


88 


All dimensions in mm. 


Ordering Codes 


Package Type Max Skew Across Part Number 
All Outputs 
52 Lead Plastic Quad Flat Pack | 08 ns | SC3306Q-1 
52 Lead Plastic Quad Flat Pack; 10ne SC3306Q 
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PRELIMINARY 


20-OUTPUT LVTTL CLOCK DRIVER 


ANE 


SC3308 


GENERAL DESCRIPTION 


The SC3308 is a minimum skew clock driver with 20 
outputs. Itcan employ a clock input from a single ended 
TTL or an ECL differential source operating between 
+5V and ground (PECL). This reference frequency input 
is received and distributed to the clock output drivers. 
All outputs are “clamped” to conform with JEDEC LVTTL 
levels. 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (Source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
circuits provide “source (series) termination” at the TTL 
outputs that minimize over/undershoot without requiring 
on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Logic Dia 


RESET 


CLOCK SEL| | A> 


Oop 


O— 
GND 
O— 
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FEATURES 


Twenty (20) clock outputs at primary 
frequency up to 80 MHz 


All outputs are leading edge 
synchronized to within <0.5ns 


Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 50-75Q source series termination 

- Dynamic drive adjustment to match load 
conditions 

- Edge rates less than 1.5 ns 


Output levels comply with JEDEC 
LVTTL standard 


Eliminates the ground-bounce, 
overshoot, and ringing problems often 
encountered when using CMOS and 
Bipolar drivers 


Compatible with Intel’s Pentium™ 
Processor 
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$C3308 20-OUTPUT LVTTL CLOCK DRIVER 
Absolute Maximum Ratings | Capacitance (package) 
Storage Temperature ...............ccccceeees -55° to +150°C NUE PAS veassasaconacscasassctveecaptiaestenaicessasecane eee 5.0 pF 
Vcc Potential to Ground..................000. -0.5V to +7.0V TUE -OUIDUL PINS sore sists es sececeicseectousen es wens 5.0 pF 
Input Voltage ............ecccctssetttcceceeeeees -0.5V to +Vcc 
Static Discharge Voltage ................csssseceeeeeees >1750V 
Maximum Junction Temperature ...............00 +140°C 
Latch-up Current ................:sssssssssscessssceesees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 
Voc = +5.0V + 5%, Ta = O°C to + 70°C (reference AC Test Circuit, Page 4-15) 


Differential Source—-PECL 
Voc 
Pinput LOW Voltage (TTL) | AlltiLinputs—~——=SSC=«d|—«C | OB | VC” 
Pinput HIGH Current (PECL) | Vin=Voc(max) ~~~ ~—~—S~*d'CSCi |S 
TCLKSELSSSSSCdT C= Voc (max) —SSS«dYSSC~*dSCéRS SCA 
PReset Cd ev SSCSCSC~sSC“‘*‘“‘*SC2OO~*YYCUA_ 
Vin= 2.4V es 
n Vin = Voo-2.0V | is | uA | 
POLKSELSC~—‘“‘i = ASSSCS™~“—~sCSSSC“‘RC«OC§S:*#CSCA 
PResetSSSCS™~™~C~i SOC~*~“—*S*S*~*~*~*~S*S*SCSTSC“‘<CLCSCCOWO | WA 
fT OC™~™SOCCOCCC WV SC™~—SCSSC“‘L (YS ~' CWA 
[Von | OutputHiGH Voltage _—=«| Four=80MHz,C.=10pF_—*| 24 | 3.65 | V_ 
[Vor | OutputLOW Voltage ——+| Four=680MHz,C.=10pF_ [| | o4v| vV_| 
[ Tous’ | Output HIGH Short Ckt Current_| Output High, Vour=OV Typ___| -45 |_| mA 
| Output LOW Short Ckt Current__| OutputLow, Vour=VocTyp__| 55 | _—i|_'mA 
[Static PowerDissipation [Reference Page 415 @ 70°C | [| __400_| 


1. Maximum test duration, one second. 


The SC3308 features source series termination of approximately 40 Ohms to assist in 
matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range DC Characteristics 


The SC3308 has been designed specifically for 
clock distribution. In the development of this prod- 
a uct, AMCC has made several trade-offs between the 
Vin Vin historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 

INPUT DIFFERENTIAL Vip = 400mV puts. As a result of this, the SC3308 will dynami- 
VIL VIL cally source and sink a symmetrical 24 mA of current. 

————— In a DC state, it exhibits the following specifications: 
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20—OUTPUT LVTTL CLOCK DRIVER SC3308 


AC Specifications - Using AC Test Circuit (Page 4-15) 


Vec = +5.0V +5%, Ta = 0°C to 70°C, CLoap = 10pF 


SC3308-1 
Maximum Skew Across All Outputs | S| 1s 
Maximum Skew Chip to Chip | 20] ons 
[Maximum Skew Across Fa, Fb, Fc, or Fd Outputs | 0.25 | 0.25 |_ns_ 
[Maximum TTL Input Frequency | 8 | 80M 
| 80 | 80 | Mz 

| 15 | ns | 


SC3308 Units 


Maximum PECL Differential Input Frequenc 
Maximum Rising/Falling Edge Rates 


Notes: 
1. Skew is referenced to the rising edges of ail outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and temperature. It is derated 
at 0.5 ns/V and 10 ps/°C. Chip to chip skew tested at 70°C. 


3. $C3308 output symmetry follows input symmetry. Output Duty Cycle will also be affected by voltage and load 
(including the length of the PC trace). 


4. ace skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load 
difference equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF 
capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for higher loads. 


Threshold Crossing Characteristics 


50% + 10% 


INPUTS 


CLOCK 
OUTPUT 4+2.0V 


+1.5V 


1.5ns 


NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace (70 Ohm). 
with a 10 pF capacitive load. See Application Note #1. 
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DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 


AMCC has developed a single chip clock buffer and 
twenty output fan-out driver using AMCC’s advanced 
BiCMOS process. This design is optimized the device 
for absolute minimum skew across all twenty outputs. 


For best performance this approach will require a clock 
source input from a crystal controlled oscillator (XCO) 
located adjacent to this clock driver. This oscillator can 
provide either differential ECL inputs (referenced to +5V 
- PECL) or TTL (CMOS) input levels to AMCC’s Clock 
Driver. The input selection is accomplished via the 
“Clock Sel” input where a “HIGH” level activates the 
differential ECL input and a “LOW” activates the TTL 
input. This input clock will be fanned out to translation 
amplifiers and output drivers, (refer to the preceding 
logic diagram). The output duty factor asymmetry be- 
comes largely a function of the input clock waveshape 
and the output driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Option- 
ally, if a capacitor (4.7uF = ~100ms) is connected be- 
tween this pin and ground, the device will respond with 
a “power up reset’ - a delay in the clock outputs becom- 
ing active. At the onset of RESET (low) the outputs will 
go low following four falling edge clock inputs. At the 
expiration of RESET (high) outputs will resume, after 
four falling edge clock inputs, from a high (leading edge) 
count origin. 
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$C3308 20—OUTPUT LVTTL CLOCK DRIVER 


The output drivers are rise and fall slew rate controlled 
to ~1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination to significantly 
reduce the overshoot and undershoot of non-terminated 
transmission lines. This will satisfy printed circuit line 
impedances of 50 to 75 Ohms terminated into 15 pF (two 
IC input package receiver pins). When applications 
require large load capacitance (>25pF with 50 Ohm P.C. 
board impedance at higher frequencies) and/or large 
peak voltage amplitudes (>3.5 Volts), two adjacent driv- 
ers may be paralleled, thereby halving the series resis- 
tance and doubling the peak current (see Clock Driver 
Application Note #1 for spice models). 


Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to simultaneously 
switching outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Clock 
Driver Application Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3308 will exhibit skews less than the specified maxi- 
mum. A plastic 52 lead quad flat pack with .039" lead 
pitch is employed with an outer lead square footprint of 
approximately 0.7" per side. 
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Power Management 


The overall goal of managing the power dissipated by the SC3308 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3308 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 4-16 for complete load definition). 


FREQUENCY | C.Loap=5pF | CLoap=10pF | Cioap=15pF | CLoap=25pF | C_oap=40pF | NO LOAD 


| CLomp=15PF | 


The above output power must then be added to the core power (400 mW) of the SC3308 to determine the total 
power being dissipated by the SC3308. This total power is then multiplied by the SC3308’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3308. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 


SC3308 is as follows: 
STILL AIR 100 LIN FT/MIN 200 LIN FT/MIN 
THERMAL RESISTANCE 50°C/WATT 40°C/WATT 35°C/WATT 


For example: You have a SC3308 with 12 of the outputs running at 50 MHz with 15 pF loads (12 x 27 = 324 
mW + 8 x 10 = 80 mW for a Total of 404 mW). The Total Chip Power is Core Power (400 mW) + output Power 
(404 mW) = 804 mW. Your design calls for a 70°C Still Air ambient. The SC3308’s junction temperature would 
then be: 70°C + (.804 Watts x 50°C/Watt = 40°C) = 110°C, which is below the 140°C maximum junction 
temperature. 


AC Test Circuit 


ions “Ly SC3308 


(ECL @+5V) 
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Designing the $C3308 for “Real Loads” 


While the AC Test Circuit presented on Page 4-15 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3308 to provide clean clock 
transitions when presented with a realistic reactive load. 
AMCC’s assumptions are that the SC3308 will be driving 
a selected length(s) of 70 Ohm (Zo) P.C. board trace 
terminated by a small number of end of line clustered 


TTL or CMOS input receiver pins. This end of line: 


Evaluation Circuit 


Veco = +5.0V 


10 
(ia peaes TOTO OTO 
J 


10 


$C3308 20—-OUTPUT LVTTL CLOCK DRIVER 


capacitive loading will cause overall impedance to drop 
to under 50 Ohms. Therefore, to a first approximation, 
this clock output driver will cleanly drive P.C. line lengths 
of 6" to 12" with input capacitive loads ranging up to 15 
pF at frequencies up to 80 MHz. Higher load capaci- 
tance can be accommodated by two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. More details conceming this are presented in 
Clock Driver Application Note #1. 


10 10 10 10 
VQ100)0 0 


= \. _ ~6 INCHES of 70 OHM P.C.B. ———+| 


All inductance is innH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 


Page 4-16 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AMCG 


20—OUTPUT LVTTL CLOCK DRIVER SC3308 


52—Pin PQFP Package 


PIN 1 INDICATOR 


PECL OSCN 
PECL OSCP 
TTL OSC 
GND 

FDO 

VCC 

FD1 

GND 

FD2 

vcc 

FD3 

GND 

FD4 

VCC 

CLK SEL 


| BT 
| A 
| AL 
| Ao | 
| Ag i 
| Dy 
All dimensions in mm. 
| EC 
| Ey 


+.15/.10 88 


Ordering Codes 


Package Type Max Skew Across Part Number 
All Outputs 
52 Lead Plastic Quad Flat Pack} = 0.5 ns SC3308Q-1 
52 Lead Plastic Quad Flat Pack) = 1.0 ns SC3308Q 
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PRELIMINARY 


10-—OUTPUT LVTTL CLOCK DRIVER 


GENERAL DESCRIPTION 


The SC3318 is a minimum skew clock driver with ten 
outputs. It can employ a clock input froma single ended 
TTL or an ECL differential source operating between 
+5V and ground. This reference frequency input is 
received and distributed to the clock output drivers. All 
outputs are “clamped” to conform with JEDEC LVTTL 
levels. 


Applied Micro Circuits Corporation (AMCC) uses pro- 
prietary complementary (Source and sink) 24 mA peak 
output drivers. In addition to their drive capability, these 
Circuits provide “source (series) termination” at the TTL 
outputs that minimize over/undershoot without requiring 
on-board termination networks. They are designed for 
a maximum output slew rate of =1.5V/ns to minimize 
simultaneous output switching noise and distortion. 


Logic Diagram 


fran Se 


RESET ie > 


a 


CLOCK SEL| | 
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$C3318 


FEATURES 


Ten (10) clock outputs at primary 
frequency up to 80 MHz 


All outputs are leadiing edge 
synchronized to within <0.5 ns 


Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 50-75Q source series termination 

- Dynamic drive adjustment to match load 
conditions 

- Edge rates less than 1.5 ns 

Output levels comply with JEDEC LVTTL 

standard 

Eliminates the ground-bounce, overshoot, 

and ringing problems often encountered 

when using CMOS and Bipolar drivers 


Compatible with Intel’s Pentium™ 
processor 


There are no Fa outputs on the SC3318 


a 
ogre tL 


Li 


WW NENT NW 
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Absolute Maximum Ratings 


10-OUTPUT LVTTL CLOCK DRIVER 


Capacitance (package) 


Storage Temperature .................cccee -55° to +150°C WIDUE PINS -vocuncnseticvateeribacnibaserssaeriansoatveareeetsoeres: 5.0 pF 
Voc Potential to Ground............. eee -0.5V to +7.0V TEL OURDUU PINS sis scacaticocascsceeascnniprocsvsiecteate ines 5.0 pF 
SIPUL: V ONO OG weiessccsaseecmssna cece dotstncetenvecerss -0.5V to +Voo 
Static Discharge Voltage ..............ccccseseeeeeees >1750V 
Maximum Junction Temperature ................0. +140°C 
Latch-up Current ...........cccccccccsssssseccceesereneees >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 


Electrical Characteristics 
Voc = +5.0V + 5%, T, = 0°C to + 70°C (reference AC Test Circuit, Page 4-23) 


os 
Input LOW Voltage (TTL) | AllTTLinputs_—~——~+| ~-0' | o8 [| V_ 
in Linput HIGH Current (PECL) | Viy=Vog (max) ———S—S~dSCS~*dCiO A 
CCLKSEL Sd y= Vg (max) —SSC~sSCSCS~S~*~dSC*iB A 
CReset SS ye SSCSCSC~SSSCSC~*dSC BA 
PTS ye SSSCS—SSC*iS BA 
n Viv=Voo2.0V es 
PCLKSEL yea Cd 
PReset SSCS Wy SCSSC~S~CSSSCSC~*dSC BUA 
SSS fi 
[Von | Output HIGH Voltage | Four = 80MHz,C,=10pF_ | 24 | 365 | V_ 
Four=80MHz, Cy=1opF | —~*dY~sa | 
[Tous | Output HIGH Short Ckt Current _| Output High, Vour = OV Typ [| 45_[ | _mA 
(lous? | Output LOW Short Ckt Current | Output Low, Vour=Vog Typ [| 55 [| 


1. Maximum test duration, one second. 


The SC3318 features source series termination of approximately 40 Ohms to assist in 
matching 50-75 Ohm P.C. board environments. 


PECL Differential Input Voltage Range DC Characteristics 


The SC3318 has been designed specifically for 
clock distribution. In the development of this prod- 
Veo - uct, AMCC has made several trade-offs between the 


VIH ViH 
INPUT DIFFERENTIAL >< Vip 2 400mV 


historic “high drive, totem pole outputs” and AMCC’s 
dynamically adjusting source series terminated out- 
puts. As a result of this, the SC3318 will dynami- 
VIL cally source and sink a symmetrical 24 mA of current. 
In a DC state, it exhibits the following specifications: 


Vit 
Voc -2.0V 


Applied Micro Circuits Corporation 
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AIM 


AC Specifications — Using AC Test Circuit (Page 4-23) 


Voc = +5.0V + 5%, T, = 0°C to 70°C, Cy oan = 10PF 


Notes: 
1. Skew is referenced to the rising edges of all outputs. 


2. Chip to chip skew specification valid only for parts operating at the same voltage and temperature. 
It is derated at 0.5 ns/V and 10 ps/C. Chip to chip skew tested at 70°C. 


3. The SC3318 output symmetry follows input symmetry. Output Duty Cycle will also be affected by 
voltage and load (including the length of the PC trace). 


4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF 
load difference equals a 250 ps skew difference. 


5. Edge rates are measured from 0.8V to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 
pF capacitive load. See “Real Load” evaluation circuit. Synchronous outputs may be paralleled for 
high loads. 


Threshold Crossing Characteristics 


50% + 10% 


CLOCK 
OUTPUT 


+0.8V 


T rise}=— 1.5ns 


NOTE: Trise and Tfall are “real load” dependent. The values indicated are for 6" of 
board trace (70 Ohm) with a 10 pF capacitive load. See Application Note #1. 
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$C3318 10-OUTPUT LVTTL CLOCK DRIVER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


AMCC has developed a single chip ten output clock 
buffer driver using AMCC’s advanced BiCMOS process. 
This design has been optimized for absolute minimum 
skew across all ten outputs. 


The clock source input for this device may operate between 
+5V and ground and can provide either differential ECL 
inputs (referenced to +5V , PECL) or single ended TTL 
(CMOS) input levels to AMCC’s Clock Driver. This selec- 
tion is accomplished by use of the CLKSEL pin, where logic 
LOW (or “float’) selects TTL and logic HIGH selects 
PECL This input clock will be fanned out to translation 
amplifiers and output drivers, refer to the preceding logic 
diagram. The output duty factor asymmetry becomes 
largely a function of the input clock waveshape and the 
output driver slew rate into the AC load. 


The RESET input is provided to hold off or clear the 
outputs, as may be required by the user’s system. This 
pin may be logically driven from a TTL output. Optionally, 
if a capacitor (4.7uUF = ~100ms) is connected between this 
pin and ground, the device will respond with a “power up 
reset” - a delay in the clock outputs becoming active. At 
the onset of RESET (low) the outputs will go low following 
four falling edge clock inputs. At the expiration of RESET 
(high) the outputs will resume, after four falling edge clock 
inputs, from a high (leading edge) count origin. 
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The output drivers are rise and fall slew rate controlled to 
~1.5V/ns to minimize noise and distortion resulting from 
simultaneous switching of the 10 outputs. These outputs 
also feature series termination (~40 Ohms) to signifi- 
cantly reduce the overshoot and undershoot of non-ter- 
minated transmission lines. This will satisfy printed 
circuit line impedances of 50 to 75 Ohms terminated into 
15 pF (two IC input package receiver pins). When 
applications require large load capacitance (>25pF with 
50 Ohm P.C. board impedance at higher frequencies) 
and/or large peak voltage amplitudes (>3.5 Volts), two 
adjacent drivers may be paralleled, thereby halving the 
series resistance and doubling the peak current (see 
Application Note #1 for spice models). 


Power and ground are interdigitated with the outputs. Of 
the 28 package pins, 10 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vcc and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see Application 
Note #1 for recommendations). 


The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec- 
tively, the resistance, inductance and capacitance of the 
package and wire bonding is managed to insure that the 
$C3318 will exhibit skews less than the specified maxi- 
mum. A plastic 28 lead small outline package with .050" 
lead pitch is employed with an outer lead rectangular 
footprint of approximately 0.7" by 0.4". 
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10-OUTPUT LVTTL CLOCK DRIVER $C3318 


Power Management 


The overall goal of managing the power dissipated by the SC3318 is to limit it’s junction (die) temperature to 
140°C. A major component of the power dissipated internally by the SC3318 is determined by the load that 
each output drives and the frequency that each output is running. The following table summarizes these 
dependencies (see Evaluation Circuit on Page 4-24 for complete load definition). 


The above output power must then be added to the core power (400 mW) of the SC3318 to determine the total 
power being dissipated by the SC3318. This total power is then multiplied by the SC3318’s thermal resistance, 
with the result being added to the ambient temperature to determine the junction temperature of the SC3318. 
For greatest reliability, this junction temperature should not exceed 140°C. The thermal resistance for the 
SC3318 is as follows: 


STILL AIR 
THERMAL RESISTANCE 50°C/WATT 


AC Test Circuit 


a SC3318 


PECL 
(ECL @+5V) 
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$C3318 10-—OUTPUT LVTTL CLOCK DRIVER 


Designing the $C3318 for “Real Loads” 


While the AC Test Circuit presented on Page 4-23 can 
be adequate for initial device evaluation and incoming 
inspection, it does not represent “real loads” in products. 


AMCC has designed the SC3318 to provide clean 
clock transitions when presented with a realistic reac- 
tive load. AMCC’s assumptions are that the SC3318 
will be driving a selected length(s) of 70 Ohm (Zo) P.C. 
board trace terminated by a small number of end of 
line clustered TTL or CMOS input receiver pins. This 
end of line capacitive loading will cause overall imped- 


Evaluation Circuit 


Vcc = +5.0V 


10 


ance to drop to under 50 Ohms. Therefore, to a first 
approximation, this clock output driver will cleanly 
drive P.C. line lengths of 6" to 12" with input capacitive 
loads ranging up to 15 pF at frequencies up to 80 MHz. 
Higher load capacitance can be accommodated by 
two parallel outputs. 


Within this general circuit model, AMCC has developed 
the Evaluation Circuit presented below. This is a mid- 
point model and can be modified to reflect a specific end 
use. 


10 10 10 10 10 


2000 


7 |} —_—__—— ~6 INCHES of 70 OHM P.C.B. + 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point load destination is recommended 
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10-OUTPUT LVTTL CLOCK DRIVER 


28-Lead Small Outline Integrated Circuit Plastic Package (SOIC) 


TTLOSC 
CLKSEL 
RESET 
GND 
FB4 
GND 
FB3 
VCC 


OODMONOD OA WN = 


a etek 
On = © 


— 
BSS 


.056 


— .015 X 45° 


.050 PITCH TYP 


All dimensions in inches. 


Ordering Codes 


Package Type Max Skew Across 
All Outputs 


28 Lead Small Integrated Circuit Plastic Package 


28 Lead Small Integrated Circuit Plastic Package 
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Part Number 
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AMCG 
DEVICE SPECIFICATION 


BiCMOS PLL CLOCK GENERATORS $4402/S4403 
FEATURES APPLICATIONS 
e Generates six clock outputs from 20 MHz to e CMOS ASIC Systems 
80 MHz (the S4403 generates ten outputs and ¢ High-speed Microprocessor Systems 


HFOUT generates 10MHz to 40MHz) 
e 21 selectable phase/frequency relationships for 


the clock outputs GENERAL DESCRIPTION 


e Compensates for clock skew by allowing output 
delay adjustment down to 3.125 ns increments The $4402/S4403 BiCMOS clock generators allow 
the user to generate multiphase TTL clocks in the 


¢ Backplane Clock Deskew and Distribution 


* TTL outputs have less than 400 ps maximum 10-80 MHz range with less than 400 ps of skew. Use 
Skew of a single off-chip filter allows an entire 160-320 
¢ Lock Detect output indicates loop status MHz phase-locked loop (PLL) to be implemented on- 
e Internal PLL with VCO operating at 160 to chip. Divide-by-two and times-two outputs allow the 
320 MHz ability to generate output clocks at half, equal to, or 


twice the reference clock input frequency. By using 
the programmable divider and phase selector, the 
user can select from up to 21 different output rela- 


e Test Enable input allows VCO bypass for open- 
loop operation in board test 


e Maximum 1.0 ns of phase error (750 ps from tionships. The outputs can be phase-adjusted in in- 
part to part) crements as small as 3.125 ns to tailor the clocks to 

e Proven 1.0 micron BiCMOS technology exact system requirements. 

¢ Single +5V power supply operation Implemented in AMCC’s proven 1.0 micron BiCMOS 

¢ 28/44 PLCC packages technology, the S4402 generates six TTL outputs, 


while the $4403 provides those six plus four dupli- 
cates (FOUTOA-FOUTSA) for a total of ten. Output 
enables are provided for the various banks, allowing 

clock control for board and system tests. 


Figure 1. Clock Generator Block Diagram 


REFCLK PHASE Lock 
DETECTOR 


NOTE: FOUTOA, FOUT1A, FBCLK eee FILTER 


FOUT2A, FOUTSA, and 
OUTEN2 apply only to the 
$4403. > X2FOUT 


HFOUT 


FOUTOA 
DIVIDER 


AND 
PHASE 
CONTROL 


TSTEN Eee 


’ Digital DIVSEL 
+5V ——> PHSELO 


ov ——> PHSEL1 
RESET o—~ FOUT3A 


OUTENO 
OUTEN1 
OUTEN2 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 Page 5-3 


AMGG 


$4402/S4403 | BiCMOS PLL CLOCK GENERATOR 


FUNCTIONAL DESCRIPTION 


Frequency and Phase Controls 


The S4402/S4403 clock generators provide multiple 
outputs that are synchronized in both frequency and 
phase to a periodic clock input. Two select pins and 
an external feedback path allow the user to phase- 
adjust the six outputs (FOUTO—FOUT3, HFOUT, and 
X2FOUT) relative to the input clock REFCLK, as well 
as control their frequency. 


The DIVSEL input controls the programmable divider 
that follows the voltage controlled oscillator (VCO). 
This doubles the lock range of the PLL by allowing 
the user to select a VCO frequency divided by four 
(DIVSEL Low) or by eight (DIVSEL High). 


The frequency of the four FOUTO—FOUTS3 outputs 
(and the duplicate set of the four FOUTOA— 
FOUT3A outputs on the $4403) is determined by 
the REFCLK clock frequency and the output that is 
tied back to the FBCLK input. In addition, the 
X2FOUT TTL output provides a clock signal identi- 
cal to the FOUTO output in the divide-by-four 
mode, and twice the FOUTO frequency (maximum 
frequency of 80 MHz) in the divide-by-eight mode. 
The HFOUT TTL output provides a clock signal 
that is in phase with the FOUTO output, but at half 
the FOUTO frequency in both the divide-by-four 
and divide-by-eight modes. Refer to the Output 
Select Matrix in Table 3 for the specific relation- 
ships. 


Phase adjustments can be made in increments as 
small as 3.125 ns. The minimum phase delay be- 
tween FOUTO-FOUTS signals is a function of the 
VCO frequency. The VCO frequency can be deter- 
mined by multiplying the output frequency by the di- 
vide-by ratio of four or eight, controlled by DIVSEL. 
The minimum phase delay t is equal to the period of 
the VCO frequency: 


t= 1/VCO freq 


Since the VCO can operate in the 160 MHz to 
320 MHz range, minimum phase delay values can 
range from 6.25 ns to 3.125 ns. Table 1 shows vari- 
ous FOUT/VCO frequencies and the associated 
phase resolution. 


The PHSEL1 and PHSELO inputs allow the user to 
select several phase relationships among the four 
FOUTO—FOUTS3 TTL clock outputs. These choices 
can be seen in Table 2, and the Output Select 
Matrix provided in Table 3 describes the 21 output 
configurations available to the user. The two “Se- 
lect Pins” columns specify the signal levels on the 
pins PHSELO and PHSEL1. These are active High 
signals. The column entitled “Output Fed to 
FBCLK” indicates which output (FOUTO—FOUTS, 
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a ee a 
, FOUT1 leads FOUTO by minimum 
phase, FOUT2 lags FOUTO by 
minimum phase, and FOUTS lags 
FOUTO by 90 degrees 


HFOUT, or X2FOUT) is externally connected to 
the feedback input (FBCLK) to produce the result- 
ing waveforms shown in the appropriate row in the 
table. The last seven columns specify the resulting 
phase and frequency relationships of each output 
to the user clock input (REFCLK). A negative value 
indicates the time by which the output rising edge 
precedes the input (REFCLK) rising edge. A posi- 
tive value is the time by which the rising edge of 
the output follows the rising edge of the input 
Clock. 


Table 1. Example Phase Resolution 
FOUTO-3 | Divider vco Min Phase 
Freq Select Freq Resolution 


| 4 | azo | 325s 


| 4 | 266MHz | 8.75ns__ 
| 4 | 200MHz | 5.Ons_ 
| 4 | 160MHz | 6.25ns_ 
| 8 | 266MHz | 8.75ns__ 
| 8 | t6oMHz | 6.25ns_ 


Table 2. Phase Selections 


PHSEL1 | PHSELO Phase Relationship 


FOUTO—FOUTS outputs skewed by 
90 degrees from each other 


FOUT1 lags FOUTO by minimum 
phase, FOUT2 lags FOUT1 by 

minimum phase, and FOUTS lags 
FOUT2 by minimum phase 


Example: 


In a typical system, designers may need several 
low-skew outputs, one early clock, one late clock, 
a clock at half the input clock frequency, and one 
at twice the input clock frequency. This system re- 
quirement can be met by setting PHSEL1 to 1, 
PHSELO to 0, and feeding back FOUTO to the 
FBCLK input (Row 10 of Table 3). The result is 
that FOUTO will be phase-aligned to REFCLK, 
FOUT1 will lead REFCLK by a minimum phase 
delay, FOUT2 will lag REFCLK by a minimum 
phase delay, FOUT3 will phase-lag REFCLK by 
90°, HFOUT will be phase-aligned with REFCLK 
but at half the frequency, and X2FOUT will be ei- 
ther phase-aligned at the same frequency as the 
reference clock if DIVSEL = 0, or at twice the fre- 
quency if DIVSEL = 1. 


Several other waveform examples and typical appli- 
cations are provided on pages 5-8 and 5-9. 
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$4402/S4403 


Enabling Outputs 


The S4402 has two output-enable inputs that con- 
trol which outputs toggle. (The $4403 has three 
output-enable inputs.) When held LOW, OUTENO 
controls the frequency doubler output X2FOUT 
and the half-frequency output HFOUT. OUTEN1 
controls the FOUTO—FOUTS3 outputs. The third in- 
put on the $4403, OUTEN2, controls the duplicate 
set of four outputs FOUTOA-FOUT3A. When an 
output enable pin is held High, its associated out- 
puts are disabled and held in a High state. 


Filter 


The FILTER output is a tap between the analog out- 
put of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be in- 
cluded in the PLL. AMCC recommends the use of the 
filter component values shown. This filter was chosen 
for its ability to reduce the output jitter and filter out 
noise on the REFCLK input. The filter components 
should be in surface mounted packages with mini- 
mum lead inductance. 


Figure 2. External PLL Filter 


Reset 


When the RESET pin is pulled low, all the internal 
states go to zero one clock cycle (from the VCO or 
REFCLK in the test mode) before the outputs go low. 
After the chip is reset, the PLL requires a 
resynchronization time of <5ms before lock is again 
achieved. 


Lock Detect 


A lock detect function is provided by the LOCK out- 
put. When REFCLK and FBCLK are within 2-4 ns of 
each other, the PLL is in lock, and the LOCK output 
goes High. 
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Power Supply Considerations 


Power for the analog portion of the S4402/S4403 
chips must be isolated from the digital power supplies 
to minimize noise on the analog power supply pins. 
This isolation between the analog and digital power 
supplies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100yH, and depends upon the frequency spectrum of 
the digital power supply noise. 


Decoupling capacitors are also very important to 
minimize noise. The decoupling capacitors must 
have low lead inductance to be effective, so ceramic 
chip capacitors are recommended. Decoupling ca- 
pacitors should be located as close to the power pins 
as physically possible. And the decoupling should be 
placed on the top surface of the board between the 
part and its connections to the power and ground 
planes. 


Figure 3. External Power Supply Filter 


FB1 


ANALOG Se DIGITAL +5V 
O.1pF = 10nF 


Tantalum 
(optional) 


ANALOG GND DIGITAL GND 


Test Capabilities 


The TSTEN input puts the S4402/S4403 into a test 
mode and allows users to bypass the VCO and pro- 
vide their own clock through the REFCLK input. 
When TSTEN is High, the VCO is turned off and the 
REFCLK signal drives the divider/phase adjust cir- 
Cuitry, directly sequencing the outputs. The TSTEN 
and REFCLK inputs join the divider circuitry after the 
initial divide-by-two stage. Therefore, REFCLK is di- 
vided by two in the divide-by-four mode and divided 
by four in the divide-by-eight mode. 
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PIN DESCRIPTIONS 


Input Signals 


REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the FOUTO—FOUTS out- 
puts. Also replaces the VCO output when TSTEN is 
high (after first divide-by-two stage in divider phase 
control logic). See TSTEN. 


FBCLK. Feedback clock that, along with the 
REFCLK input, determines the frequency of the 
FOUTO-FOUTS outputs. One output is selected to 
feed back to this input. (See Tabie 3.) 


DIVSEL. Controls the divider circuit that follows the 
VCO. When DIVSEL is low, the VCO frequency is 
divided by four. When DIVSEL is high, the VCO fre- 
quency is divided by eight. (See Tables 1 and 3.) 


PHSELO. This input, along with PHSEL1, allows se- 
lection of the phase relationship among the four 
FOUTO—FOUTS outputs. See Tables 2 and 3 for the 
selection choices. 


PHSEL1. Along with PHSELO, allows selection of the 
phase relationship among the four FOUTO-FOUT3 
- outputs. See Tables 2 and 3 for the selection 
choices. 


OUTENO. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the frequency 
doubler output (X2FOUT) and the half-frequency out- 
put (HFOUT). 


OUTENT. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the FOUTO- 
FOUTS outputs. 


OUTEN2. (S4403 only.) Active Low. Controls the 
duplicate set of outputs to FOUTO-FOUTS3 
(FOUTOA, FOUT1A, FOUT2A, AND FOUTS3A). 


RESET. Active Low. Initializes internal states for test 
purposes. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Therefore, REFCLK is divided by two in 
the divide-by-four mode, and divided by four in the 
divide-by-eight mode, and used to directly sequence 
the outputs. 
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Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one capacitor) to 
be included in the PLL. 


X2FOUT. Provides a clock signal identical to the 
FOUTO output in the divide-by-four mode and twice 
the FOUTO frequency (maximum of 80 MHz) in the 
divide-by-eight mode. 


FOUTO. Clock output. 
FOUTT1. Clock output. 
FOUTZ2. Clock output. 
FOUTS. Clock output. 


HFOUT. Provides a clock signal in phase with the 
FOUTO output, but at half the FOUTO frequency in 
both the divide-by-four and divide-by-eight modes. 


LOCK. Goes high when REFCLK and FBCLK are 
within 2—4 ns of each other, demonstrating that the 
PLL is in lock. 


FOUTOA. (S4403 only.) Clock output—duplicates 
FOUTO. 


FOUTIA. (S4403 only.) Clock output—duplicates 
FOUT1. 


FOUT2A. (S4403 only.) Clock output—duplicates 
FOUT2. 


FOUTSA. (S4403 only.) Clock output—duplicates 
FOUTS. 
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Table 3. Output Select Matrix 


Configuration Output Fed | Output Phase Relationships 
Number to FBCLK 
PHSEL1/PHSELO FOUTO 


‘4 Tl i Fouto-rours} =o | Oo | Cl | | Ce | | 
f2.rrtrt—CisdE tl rou “<s | | om |) S|) | i 0) | 40) CI 
[3 rr™LCUdT Cl SC lf xeFouTrs) | 2 | 2 | of | of | 04 | | oO | 
ee DO eG, oc; GO SN OU-<~ I Oc 7 Os DO=) 
isd Cl tS Cf ouvs— = <$s | Cf lo CT Ct |e | -a | OQ) | 
ie CUT CC tt Foura2s—§< se | Cet ml 202 | -2Q | 2-20) | 
7 CUT Cl CT tf Foun, -_ '§$ S| sh | -2aQ | Oo | oC 30/2“ -30 | (-30) | 
ee ee ee ee es a3q) {| 0 | (0) | 4(0) | 
fort lt | xeFouTsy) | 2 | v2 =| 2a | 3sa2 | 04 | | Oo 
ffiot—“‘RS 4 CT CT Fouro—s§$§ >| lo] ht CT Ct CT | or |) 
fan Et cous = ttt | tat |e tC 
2 dT lt tS Foura2— (<ses | Ct | Het | CT Ct Tet 
13 CE lt CT  ourn,—-_ §$_ S| | Ht | ot | oo |e =| -a [| HO | 
4 rou “$< se | | oy Lm | | | 0) | 400) 
15 CUT lt | XeFouT es) | oe | v2 | v2 | Oe | 

fie CE lt tC Fourg—i#$s SP | Cl] tt CT ltt CS | CT 
faz tt outs s | tt] tt tet | a 
fig | CT tS Foura—(<$a $e fmt Ot CT ltt | at | 2-2 
m9 Et tt Four (ast Ht] met Tt 8 -3t_| 2-3 | 
f200— CT lS SC HUT (<ess | Tey | sty) | | 0) 
at CU lt tt xeFoutersy) | 2 | va | Se |e | | 


Notes: 1. “0” implies the output is aligned with REFCLK. 

2. “t’ implies the output lags REFCLK by a minimum phase delay. 

3. “Q” implies the output lags REFCLK by 90° of phase 

4. “-t” implies the output leads REFCLK by a minimum phase delay. 
5. “-Q” implies the output leads REFCLK by 90° of phase. 

6 


. “2()” implies the output is at twice the frequency of REFCLK. 


Waveform entr Waveform entry Waveform 


rind 
REFCLK ee a ee REFCLK [TL L.|}W 


a0) J LY LE LS LSP Ly 


-90° 0° 90° 180° 
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Figure 4. Configuration Examples 
FBCLK = FOUTO nevaen 
PHSEL1 =0 FOUTO 
PHSELO =0 
FOUT1 
FOUT2 
FOUT3 
HFOUT 
(DIVSEL = 0) X2FOUT 


(DIVSEL = 1) X2FOUT 


FBCLK = HFOUT merors 


PHSEL1 =0 FOUTO 

PHSELO = 0 
FOUT1 
FOUT2 

$4402 

REFCLK X2FOUT FOUT3 
HFOUT 
(DIVSEL = 0) X2FOUT 


(DIVSEL = 1) X2FOUT 


FBCLK = HFOUT 
PHSEL1 = 1 REFCLK 
PHSELO = 1 eer 


FOUT1 
FOUT2 
FOUTS 
HFOUT 


(DIVSEL = 0) X2FOUT 


(DIVSEL = 1) X2FOUT 
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BiCMOS PLL CLOCK GENERATOR 


TYPICAL APPLICATIONS 


The S4402/S4403 chips are designed to meet a 
large variety of system clocking requirements. Sev- 
eral typical applications are provided below. 


Application 1. High-Frequency, Low-Skew Clock 
Generation 


One of the most basic capabilities of the S4402/ 
$4403 devices is generating multiple phase- 
aligned low-skew clocks at various multiples of the 
input clock frequency. For example, in a multiple- 
board system a half-frequency clock can be gener- 
ated for use across the backplane, where it is 
simpler to route a low-speed signal. This signal 
can then be doubled on the boards, and synchro- 
nization will be maintained. 


Application 2. Low-Skew Clock Distribution 


One common problem in clocking high-speed sys- 
tems is that of distributing several copies of a sys- 
tem clock while maintaining low skew throughout 
the system. The S4402/S4403 devices guarantee 
low skew among all the clocks in the system, as 
they have effectively zero delay between their in- 
put and output signals, with an output skew of less 
than 400 ps. The user can also adjust the phases 
of the outputs in increments as small as 3.125 ns, 
for load and trace length matching. 


Application 3. Delay Compensation 


Since the relative edges of the S4402/S4403 out- 
puts can be precisely controlled, these chips can 
be used to compensate for different delays due to 
trace lengths or to internal chip delays, simplifying 
board layout and bus timing. In the example 
shown, the two ASICs have a difference of several 
nanoseconds in their propagation delays. The 
$4402s ensure that the output signals are aligned, 
so that the data valid uncertainty on the com- 
mon bus is minimized. 
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$4402/S4403 


REFCLK Clock Outputs 
at twice, equal to, 
$4402 or half the 
input frequency 


a 


XTAL REFCLK REFCLK 
$4402 $4402 

b| REFCLK b REFCLK 
$4402 $4402 


Common bus 


Input 
Clock 


Page 5-9 


AMGG 


ABSOLUTE MAXIMUM RATINGS Commercial 


RECOMMENDED OPERATING CONDITIONS 


TTL Supply Voltage (VCC) 


Operating Temperature 


Junction Temperature 


| Symbol Parameter |__DCTestConditions | Min | Typ! | Max | Units) 


Vin2 Input HIGH voltage Guaranteed input HIGH voltage for 
all inputs 

2 Guaranteed input LOW voltage for 
Input LOW voltage alll inputs 


VK Input clamp diode voltage Voc = Min, lin =-18mMA 


= -12mA3 (COM 
Output HIGH voltage Voc = Min lOH = -12mAY (COM) 
IOH = -24mA3 (COM) 


Output LOW voltage Voc = Min loL = 24mA3 (COM) 


eas 
2 a 
| 2.0 | 
Vou | i 
Cede 
— 
= od 
Pa 
| 25 
ae 
ad 


Hie Input HIGH current at max VCC = Max, Vin = VCC 


OUTEN 
Input LOW current Voc = Min, Vin = 0.5V 


los4 Output short circuit current VCC = Max, VouT = OV 
Total Io (Dynamic and Static) VLOAD = 25pF at 50 MHz 


1. Typical limits are at 25°C, V,, = 5.0V. 

2. These input levels should only be tested in a static, noise-free environment. 

3. lon/lo_ values indicated are for DC test correlation. Actual dynamic currents are 
significantly higher and are optimized to balance rise and fall times. 

4. Maximum test duration is one second. 
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Table 4. AC Specifications 


face | REFOLK Frequency 
|MPWage | _REFCLK Minimum Pulse Width 
[tog __| Phase Error between REFCLK and FBCLK _ 
[tego _|_Phase Error Difference from Part to Part! _ 
toxew | Output Skew? 
fg | Output Duty cycle®@ 
[four | FOU Frequency! | 
ficour | = HFOUT Frequency! 
| tpxcour | 2KFOUT Frequency! 
‘tes | __Nominal Phase Shift increment__|_ 3.75 
‘tes | Phase Shift Variation’ | 
[toro __|__‘Tpd OUTENO-2 to FOUTs, Disable__| 
tors | Tpd OUTENO-2 to FOUTs, Enable _| 
tee | input Rise/Faii Time | 
one | OUT Rise/FallTime® 
ocx | ____Loop Acquisition Time? 
Clock Stabitity® 


1. Difference in phase error between two parts at the same voltage, temperature and frequency. 

2. Output skew guaranteed for equal loading at each output. 

3. Outputs loaded with 35pF, measured at 1.5V. 

4. Cloap = 35 pF. 

5. All phase shift increments and variation are measured relative to FOUTO at 1.5V. 

6. With 35 pF output loading (0.8 V to 2.0 V transition). 

7. Depends on loop filter chosen. (Number given is for example filter.) 

8. Clock period jitter with all FOUT outputs operating at 66 MHz and loaded with 25pF using loop filter 
shown. Parameter guaranteed, but not tested. 


Figure 5. Timing Waveforms 


REFCLK 


FOUTO-3 
HFOUT, X2FOUT 


FOUTO-3 
HFOUT, X2FOUT 


OUTENO-2 
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BiCMOS PLL CLOCK GENERATOR 


BOARD LAYOUT CONSIDERATIONS 


¢ The S4402/S4403 chips are sensitive to noise on 
the Analog +5 V and Filter pins. Care should be 
taken during board layout for optimum results. 


e All decoupling capacitors (C1—C4 = 0.1 uF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4402/S4403 and the power and ground plane con- 
nections. 


Figure 6. Board Layout (S4402 shown) 
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fax | stores 


¢ No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 6) to avoid the possibility of noise due 
to crosstalk. 


e The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 


¢ The analog VCC plane should be separated from 
the digital VCC and ground planes by at least 1/8 
inch. 


No signals should pass through 
the area enclosed by dashed lines 
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BiCMOS PLL CLOCK GENERATOR $4402/S4403 


Figure 7. $4402 28 PLCC Package and Pinout 


25|_| DIVSEL 

24| | PHSELO 

23|_| PHSEL1 

22|_| GND-ANALOG 

21] ]+5V ANALOG 
FOUTO[ } 10 20] | +5V ANALOG 

19] | FILTER 


= 
a 


i 
So 
z 
tu 
- 
2 
°o 


All dimensions nominal in inches. 


28 PLCC Thermal Resistance 


| Sti Air | 100 Linear Ft./Min 200 Linear Ft./Min 
60°C/Watt 50°C/Watt 45°C/Watt 
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S4402/S4403 - BICMOS PLL CLOCK GENERATOR 


(HAE 


All dimensions nominal in inches. 


44 PLCC Thermal Resistance 


100 Linear Ft/Min . 200 Linear Ft./Min 
| 40°C/Watt 35°C/Watt 


45°C/Watt 


Ordering Information 
|GRADE _—s| PLL CLOCK GENERATOR | PACKAGE | MAXFREQ 


|S—commercial | 4402, | ABB PLCC | -66 (66 MHz) 
[S—eommersial | _4402——~—~«| 28 PLCC | -80 (60 MHz) 
ee (ee 


B—44PLCC | -66 (66 MHz) 


B—44 PLCC -80 (80 MHz 


\ | / / 
X XXXX X XX 
Grade Part number Package Speed 


Example: S4403B-66 — Commercial grade, $4403, 44 PLCC package, 66 MHz 
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PRELIMINARY DEVICE SPECIFICATION 
BiCMOS PECL CLOCK GENERATOR 


FEATURES 


Generates six clock outputs from 20 MHz to 80 
MHz (HFOUT operates from 10 MHz to 40 MHz) 


Allows PECL or TTL reference input 


Provides differential PECL output at up to 160 
MHz 


21 selectable phase/frequency relationships for 
the clock outputs 


Compensates for clock skew by allowing output 
delay adjustment down to 3.125 ns increments 


TTL outputs have less than 400 ps maximum 
skew 


Lock Detect output indicates loop status 


Internal PLL with VCO operating at 160 to 320 
MHz 


Test Enable input allows VCO bypass for open- 
loop operation 


Maximum 1.0 ns of phase error (750 ps from 
part to part) 


Proven 1.0 micron BiCMOS technology 
Single +5V power supply operation 
44 PLCC package 


Figure 1. Clock Generator Block Diagram 


plies 


14KQ PUMP 


TTLREF 


PECLREFP 
PECLREFN 
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$4405 


APPLICATIONS 


¢ CMOS ASIC Systems 
e High-speed Microprocessor Systems 
e Backplane Clock Deskew and Distribution 


GENERAL DESCRIPTION 


The S4405 BiCMOS clock generators allow the user 
to generate multiphase TTL clocks in the 10-80 MHz 
range with less than 400 ps of skew. Use of a simple 
off-chip filter allows an entire 160-320 MHz phase- 
locked loop (PLL) to be implemented on-chip. Divide- 
by-two and times-two outputs allow the ability to 
generate output clocks at half, equal to, or twice the 
reference clock input frequency. The reference is se- 
lectable to be either TTL or PECL. By using the pro- 
grammable divider and phase selector, the user can 
select from up to 21 different output relationships. 
The outputs can be phase-adjusted in increments as 
small as 3.125 ns to tailor the clocks to exact system 
requirements. 


Implemented in AMCC’s proven 1.0 micron BiCMOS 
technology, the S4405 generates six TTL outputs 
and one differential PECL output. Output enables are 
provided for the various TTL banks, allowing clock 
control for board and system tests. 


LOCK 


FILTER 


vco 
lo 
I 1 

MUX 


DIVIDER 
AND 


TSTEN SELECT 
DIVSEL 

PHSELO 

PHSEL1 

RESET 


OUTENO 
OUTEN1 
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$4405 FUNCTIONAL DESCRIPTION 


FUNCTIONAL DESCRIPTION 


This BiCMOS clock generator is designed to allow 
the user to generate TTL clocks, in the 10-80 MHz 
range, with less than 400 ps of skew. Implemented 
in AMCC’s 1.0% BiCMOS technology, the internal 
VCO, phase detector, and programmable divider and 
phase selector allow the user to tailor the TTL output 
clocks for his/her system needs. The internal VCO 
can operate between 160 to 320 MHz, and the pro- 
grammability allows the user to generate TTL output 
clocks in the 10-80 MHz range, and a differential 
+5V referenced ECL output at 80-160 MHz. 


The clock generator offers the user the ability to se- 
lect the appropriate phase relationship among the 
four FOUTO—3 TTL clock outputs. The phase selec- 
tion choices are shown in Table 2. 


The clock generator also allows the user to choose 
the divide-by ratio between the VCO frequency and 
the frequency of the FOUTO—3 signals. The VCO fre- 
quency can be divided by 4 when DIVSEL is low, and 
divided by 8 when DIVSEL is high. The divide ratio 
between the VCO and the pseudo ECL outputs, 
PECLP and PECLN, is a fixed divide-by-2. 


The clock generator also has two output enable in- 
puts which can be used to control which outputs 
toggle. OUTENO controls the HFOUT and X2FOUT 
outputs, and OUTEN1 controls the FOUTO-3 out- 
puts. When the output enables are high, the outputs 
are disabled, and held in a high state. 


REFCLK can be driven by either the TTLREF or 
PECLREF inputs. The reference clock source is se- 
lected with the INPSEL input. When INPSEL is low, 
the TTLREF input is selected as the reference clock. 


The FOUTO-3 outputs are the main TTL output 
clocks that the generator supplies. The frequency of 
these outputs is determined by the REFCLK clock 
frequency and the output clock that is tied to the 
FBCLK input. FOUTO-3 will be equal to REFCLK, 
half of REFCLK, or twice the frequency of REFCLK. 
The X2FOUT TTL output provides a clock signal that 
is identical to the FOUTO output in the divide-by-4 


Table 1. Example Phase Resolution 
FOUTO-3 | Divider Vvco Min Phase 
Freq Select Frec | Resolution 
}66MHz | 4 | 266 MHz | 8.75ns__— 
}S0MHz | 4 | 200MHz_ =| 5.Ons_ 
}4oMHz | 4] 160MHz | 6.25ns__ 


}4oMHz | 8 | 320 MHz 3.125 ns 
S3MHz | 8 266 MHz 
}25MHz | 8 | 200 MHz | 5.Ons 
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mode, but twice the FOUTO frequency (max. freq. of 
66 MHz) in the divide-by-8 mode. The HFOUT TTL 
output provides a clock signal that is also in phase with 
the FOUTO output, but at half the FOUTO frequency. 


FILTER is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single resistor and one capacitor) 
can be included in the phase-locked loop of the clock 
generator. 


The LOCK output goes high when the reference 
clock and FBCLK are within 2-4 ns of each other. 
This output tells the user that the PLL is in lock. 


Three pins are included for test purposes. TESTEN 
allows the chip to use the REFCLK signal instead of 
the VCO output to clock the chip. This is used during 
chip test to allow the counters and control logic to be 
tested independently of the VCO. The RESET pin 
initializes the internal counter flip-flops to zeros, but 
several clock cycles are necessary before the out- 
puts go to a zero state. 


The minimum phase delay between FOUTO-3 sig- 
nals is a function of the VCO frequency. The VCO 
frequency can be determined by multiplying the out- 
put frequency by the divide-by ratio of four or eight. 
The minimum phase delay is equal to the period of 
the VCO frequency: M, = 1/VCO freq. Since the VCO 
can operate in the 160 MHz to 320 MHz range, the 
range of minimum phase delay values is 6.25 ns to 
3.125 ns. Table 1 shows various FOUT/VCO fre- 
quencies and the associated phase resolution. 


The charge pump and VCO portion of the chip use a 
separate analog power supply. This supply is brought 
onto the chip through a distinct set of power and 
ground pins. This supply should be free of digital 
switching noise. 


Example: 


In a typical system, designers may need several low- 
skew outputs, one early clock, one late clock, a clock 
at half the input clock frequency, and one at twice 
the input clock frequency. This system requirement 


Table 2. Phase Selections 


PHSEL1 | PHSELO Phase Relationship 


Outputs skewed by 90 degrees from 
each other 


a a a 
FOUT1 leads FOUTO by minimum 
phase, FOUT2 lags FOUTO by 
minimum phase, and FOUTS lags 
FOUTO by 90 degrees 


Outputs skewed by minimum phase 
(determined by the divider selection, 
and the VCO frequency) from each 

other. 


Note: The PECL output is not affected by the phase select inputs. 
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can be met by setting PHSEL1 to 1, PHSELO to 0, 
and feeding back FOUTO to the FBCLK input (Row 
10 of Table 3). The result is that FOUTO will be 
phase-aligned to the reference clock, FOUT1 will 
lead the reference clock by a minimum phase delay, 
FOUT2 will lag the reference clock by a minimum 
phase delay, FOUTS will phase-lag the reference 
clock by 90°, HFOUT will be phase-aligned with the 
reference clock but at half the frequency, and 
X2FOUT will be either phase-aligned at the same 
frequency as the reference clock if DIVSEL = 0, or at 
twice the frequency if DIVSEL = 1. 


Enabling Outputs 


The $4405 has two output-enable inputs that control 
which outputs toggle. When held LOW, OUTENO 
controls the frequency doubler output X2FOUT and 
the half-frequency output HFOUT. OUTEN1 controls 
the FOUTO-—3 outputs. When an output enable pin is 
held High, its associated outputs are disabled and 
held in a High state. 


Filter 


The FILTER output is a tap between the analog out- 
put of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be in- 
cluded in the PLL. AMCC recommends the use of the 
filter component values shown. This filter was chosen 
for its ability to reduce the output jitter and filter out 
noise on the reference clock input. 


Reset 


When the RESET pin is pulled low, all the internal 
states go to zero, but the outputs will not go low until 
one clock cycle later (VCO/2 or period of the refer- 
ence clock). After the chip is reset, the PLL requires 
a resynchronization time before lock is again achieved. 


Lock Detect 


A lock detect function is provided by the LOCK out- 
put. When the selected reference clock and FBCLK 


Figure 2. External PLL Filter 
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FUNCTIONAL DESCRIPTION $4405 


are within 2—4 ns of each other, the PLL is in lock, 
and the LOCK output goes High. 


Power Supply Considerations 


Power for the analog portion of the S4405 chips must 
be isolated from the digital power supplies to mini- 
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup- 
plies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100yH, and depends upon the frequency spectrum of 
the digital power supply noise. 


Decoupling capacitors are also very important to 
minimize noise. The decoupling capacitors must 
have low lead inductance to be effective, so ceramic 
chip capacitors are recommended. Decoupling ca- 
pacitors should be located as close to the power pins 
as physically possible. And the decoupling should be 
placed on the top surface of the board between the 
part and its connections to the power and ground 
planes. 


BOARD LAYOUT CONSIDERATIONS 


¢ The S4405 is sensitive to noise on the Analog +5 V 
and Filter pins. Care should be taken during board 
layout for optimum results. 


¢ All decoupling capacitors (C1—C4 = 0.1 uF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4405 and the power and ground plane connections. 


¢ No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 4) to avoid the possibility of noise due 
to crosstalk. 


Figure 3. External Power Supply Filter 
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$4405 | PIN DESCRIPTIONS 


e The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 


¢ The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 


Figure 4. Board Layout 


Test Capabilities 


The TSTEN input allows users to bypass the VCO and 
provide their own clock through the selected reference 
clock input. When TSTEN is High, the VCO is turned 
off and the REFCLK signal drives the divider/phase 
adjust circuitry, directly sequencing the outputs. The 
TSTEN and REFCLK inputs join the divider circuitry 
after the initial divide-by-two stage. Therefore, REFCLK 
is divided by two in the divide-by-four mode and di- 
vided by four in the divide-by-eight mode. 


PIN DESCRIPTIONS 


Input Signals 


TTLREF. TTL. Frequency reference supplied by the 
user that, along with the output tied to the FBCLK 
input, determines the frequency of the FOUTO- 
FOUTS outputs. INPSEL is used to select between 
this reference and the PECL reference PECLREFP/N. 


PECLREFPIN. Differential PECL. Frequency refer- 
ence supplied by the user. Selectable by the INPSEL 
input. 


FBCLK. Feedback clock that, along with the refer- 
ence clock input, determines the frequency of the 
FOUTO—FOUTS3 outputs. One output is selected to 
feed back to this input. (See Table 3.) 


DIVSEL. Controls the divider circuit that follows the 
VCO. When DIVSEL is low, the VCO frequency is 
divided by four. When DIVSEL is high, the VCO fre- 
quency is divided by eight. (See Tables 1 and 3.) 
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PHSELO. This input, along with PHSEL1, allows se- 
lection of the phase relationship among the four 
FOUTO—FOUTS outputs. See Tables 2 and 3 for the 
selection choices. 


PHSEL1. Along with PHSELO, allows selection of the 
phase relationship among the four FOUTO—-FOUT3 
outputs. See Tables 2 and 3 for the selection 
choices. 


OUTENO. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the frequency 
doubler output (X2FOUT) and the half-frequency out- 
put (HFOUT). 


OUTENT1. Active Low. Output enable signal that con- 
trols which outputs toggle. Controls the FOUTO- 
FOUTS outputs. 


RESET. Active Low. Initializes internal states for test 
purposes. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Therefore, REFCLK can be divided by two 
in the divide-by-four mode, and divided by four in the 
divide-by-eight mode, and used to directly sequence 
the outputs. 


INPSEL. Allows user to select between TTLREF and 
PECLREF reference frequencies. When INPSEL is 
High, the PECLREF input is selected. 


Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and capacitor) to be 
included in the PLL. 


X2FOUT. Provides a clock signal identical to the 
FOUTO output in the divide-by-four mode and twice 
the FOUTO frequency (maximum of 80 MHz) in the 
divide-by-eight mode. 


FOUTO. Clock output. 
FOUT1. Clock output. 
FOUT2. Clock output. 
FOUTS. Clock output. 


HFOUT. Provides a clock signal in phase with the 
FOUTO output, but at half the FOUTO frequency in 
both the divide-by-four and divide-by-eight modes. 


PECLPIN. Differential PECL output, always one-half 
the VCO frequency. 


LOCK. Goes high when the reference clock and 
FBCLK are within 2-4 ns of each other, demonstrat- 
ing that the PLL is in lock. 
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Table 3. Output Select Matrix 


Configuration Output Fed | Output Phase Relationships 
Number to FBCLK 


PHSEL1|/PHSELO FOUTO | FOUT1 | FOUT2 [FOUT3 | HFOUT | X2FOUT 
|rourorours}|_ oo | o | oo | o | o2 | o | 2 
| 20) 


| at | oo | a2 | -a | 2-0) 
——————— 


| ove | a2 | 04 | 
ee ee 
tes Meee s 

ae a ee 
ae el ee ee 

| ata | 


1. “0” implies the output is aligned with the reference clock. 

2. ‘t’ implies the output lags the reference clock by a minimum phase delay. 

3. “Q” implies the output lags the reference clock by 90° of phase. 

4. “-t’ implies the output leads the reference clock by a minimum phase delay. 
5. “—Q’ implies the output leads the reference clock by 90° of phase. 

6. “2()” implies the output is at twice the frequency of the reference clock. 

7. “/2” implies the output is at half the frequency of the reference clock. 

8. The PECLN/P Differential PECL output is not affected by the PHSEL inputs. 


Waveform Waveform 


2ntry. 
Led. 2) 


TmREF J) CUCL HSC OL LTSCOC~N 
a0) J. LJ LI LS LS Ly 


oe a aes aa 
40) DULL LLL Le 
7 rs | 


~90° 0° 90° 180° 
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ABSOLUTE MAXIMUM RATINGS 


RECOMMENDED OPERATING caeaie 5a 


Parameter 


TTL Supply Voltage (VCC) a ae 


[operating Temperate Temperature 
operating Tempers | 


fe 
meen Pf 
ene CHARACTERISTICS (TTL 1/0) 


| Parameter | DC Test Conditions| Min | Typ'| Max | Units 


— Input HIGH Voltage (TTL) ae input HIGH voltage for pot) fv 
ViL2 Input LOW Voltage (TTL) phi input LOW voltage for ike 


| Vik | Input clamp diode | input clamp diode voltage | Voc=MinIN=-18mA Min, lin = -18MA 


lo = -12mA3 
Output HIGH Voltage Voc = Min 
loH = -24mA3 


[Voc=Miniin=-tema || 08 | 

p20 | 

sia“ Sting fae cs a 
ee ae 

a ae 

ae 


Hin | Input HIGH Current Voc = Min, Vin =2.7V 
Ta Input HIGH Current at Max Vcc = Max, Vin = Voc 


li Input LOW Current Voc = Min, Vin = 0.5V ibaa one 
[Others || 


as CO Ae aa 
a 
Ticor | Toaligg yranicana ai) | C.oap=25eFalsowre | | | 200 | ma 


DC CHARACTERISTICS (PECL I/O) 


Symbol | Parameter | DC TestConditions | Min | Typ'|_ Max _| Units. 


Vie Input HIGH Voltage (PECL) Guaranteed input HIGH voltage Voc -1145 Vcc ~600 V 
for all inputs 
Input LOW Voltage (PECL) Guaranteed input LOW voltage ieachaesy ~2000 Voc —1450 
for all inputs 


Ouiput HIGH votage veo=80V. |e 0010 Vo-2¥ bee ee 
| capa cowvotags Veo=1980| [Vo -1585| V_ 


1. Typical limits are at 25°C, V,,. = 5.0V. 

2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

3. lowlot values indicated are for DC test correlation. Actual dynamic currents are significantly higher and are optimized to 
balance rise and fall times. 

4. Maximum test duration one second. 
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a 


n 
MHz 
10 MHz 
') 
% 
MHz 
10 MHz 
MHz 
75 
Tod OUTENO—2 to FOUTs, Disable 
Tpd OUTENO—2 to FOUTs, Enable 


Input Rise/Fall Time 
FOUT Rise/Fall Time4 


Loop Acquisition Time® 


160 | 500 | 
| 10 | eo | 
ae ee 
po | oo | 
= ee 
| oo | 750 | 
| o | 400 | 
| 45 | 55 
| 80 | 160 | 
| 20 | eo | 
| 40 | eo | 
| ates | 625 _ 
Lire a 
a a 
ee ae 
pos | 15 | 
ne ee 


1. Difference in phase error between two parts at the same voltage, temperature and frequency. 
2. Output skew guaranteed for equal loading at each output. 

3. CLoap = 35 pF. 

4. With 35 pF output loading (0.8 V to 2.0 V transition). 

5. Depends on loop filter chosen. (Number given is for example filter.) 


Figure 5. Timing Waveforms 
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PACKAGE /ORDERING INFORMATION 


ft 
coc g 
828 
aoa = 
PEP ET 
43 


Ld 
> 


All dimensions nominal in inches. 


Ordering Information 


[GRADE _| PLLCLOCK GENERATOR | PACKAGE | MAXFREQ 


S—commercial 4405 B-44 PLCC -66 (66 MHz) 
7 (80 MHz) 


\y de : a 


Grade Part number Package Speed 
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PRELIMINARY DEVICE SPECIFICATION 


AMCG 


BiCMOS PLL CLOCK GENERATOR 


FEATURES 

e Generates outputs from 10 MHz to 66 MHz 

e Four groups of three outputs (12 outputs total) 

e Eight user-selectable output functions for each 
group 

e TTL compatible outputs, with <1.5-ns edge rates 


e Performs clock doubling, dividing, invert, lead/lag 
placement 


e Internal VCO running between 160 to 266 MHz 
e 1.01 BiCMOS technology 

e Output skew less than 500 ps 

e 52 PQFP package 


APPLICATIONS 
¢ High-performance microprocessor systems 
e CMOS ASIC systems 
e Backplane clock deskew and distribution 
¢ Compatible with Intel’s Pentium™ processor 
Figure 1. S4406 Block Diagram 
aac ee 
FBCLK CHARGE 


PUMP 


0 MS2,1,0 
1 MS2,1,0 
2 MS2,1,0 


3 MS2,1,0 
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GENERAL DESCRIPTION 


The $4406 BiCMOS clock generator provides 12 TTL 
outputs with less than 500 ps of skew. Implemented 
in AMCC’s 1.0u BiCMOS technology, the internal 
PLL and divider/delay selector logic allow the user to 
individually tailor the (4) TTL output groups to the 
system’s needs. The internal VCO can operate be- 
tween 160 to 266 MHz, and the programmability al- 
lows the user to generate output clocks in the 10-66 
MHz range. 


The S4406 offers the user the ability to select the 
appropriate phase and frequency relationship for 
each of the four groups of three TTL clock outputs. 


In addition to clock doubling and inversion functions, 
the S4406 allows any output groups to lead or lag the 
others by the minimum phase delay of 3.75-6.25 ns. 


FILTER 


DIVIDE 
BY 20OR 4 


DELAY 
GENERATION 
LOGIC 


0 FOUTO 
0 FOUT 1 
0 FOUT 2 


MODE > 
SELECTION 1 ae, 


i gisaoie 
V/ 


MODE S 
SELECTION 2 es 


" gisadie 
\/ 


MODE S 
SELECTIONS} =f 


i disabie 
\/ 


MODE 5 
SELECTION 4 se. 


disable 


1 FOUTO 
1 FOUT 1 
1 FOUT 2 


2 FOUT 0 
2 FOUT 1 
2 FOUT 2 


3 FOUTO 
3 FOUT 1 
3 FOUT 2 


S 
>. 
> 
> 
> 
> 
> 
> 
> 
> 
> 
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$4406 FUNCTIONAL DESCRIPTION 


FUNCTIONAL DESCRIPTION 


The 12 xFOUTO-2 outputs are the main TTL output 
clocks that the generator supplies. The mode selec- 
tion choices are shown in Table 1 and waveform defi- 
nitions are given in Figure 2. The “x” represents the 
output group number (1-4). The frequency of these 
outputs is determined by the REFCLK clock fre- 
quency and the output clock that is tied to the FBCLK 
input (xFOUTO-2 can be equal to REFCLK, half of 
REFCLK, or twice the frequency of REFCLK). 


Example: 


In order to meet bus timing specifications for a typical 
system, designers may need three outputs at 66 MHz 
for the system clock and processor, a 33-MHz output 
for the cache controller, and a 33-MHz delayed out- 
put for a memory management unit. This system re- 
quirement can be met using the S4406 by setting the 
mode select pins for the first group of outputs 
(OMS2,1,0) to 111, the second group (1MS2,1,0) to 


Table 1. Mode Selection Options 


| xMS2,1,0]| MODE DESCRIPTION |xFOUTO,1,2 


f/2 +t 


All three outputs at the 
fundamental output freq- 
uency, but early by a 


minimum phase delay. 

All three outputs at half 
the fundamental output 
frequency and inverted. 


All three outputs at the 
fundamental output freq- 
uency and inverted. 


All three outputs at half 
the fundamental output 
frequency, but delayed 
by a minimum phase delay. 


i ; 
101 All three outputs at the f+t 
fundamental output freq- 
uency, but delayed by a 
| f 


minimum phase delay. 
110 All three outputs at half 


the fundamental output 
frequency. 


All three outputs at the 
fundamental output 
frequency. 


Note: If f is fed back, the fundamental frequency is equal to REFCLK. 
If f/2 is fed back, the fundamental frequency is twice REFCLK. 
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110, and the third group (2MS2,1,0) to 101. In this 
configuration, one of the 33-MHz outputs should be 
fed back to the FBCLK input. This example makes 
use of only three of the four output banks, leaving the 
fourth available for any other clock signals needed. 


Filter 


FILTER is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single capacitor and resistor) can be 
included in the phase locked loop of the clock gen- 
erator. See Figure 3. 


Phase Delay 


The minimum phase delay between xFOUTO-2 sig- 
nals is a function of the VCO frequency. The VCO 
frequency can be determined by multiplying the fun- 
damental output frequency by four, or half the funda- 
mental frequency by eight. The minimum phase 
delay is equal to the period of the VCO frequency: t = 
1/(VCO freq). Since the VCO can operate in the 160- 
MHz to 266-MHz range, the range of minimum phase 
delay values is 6.25 ns to 3.75 ns (See Table 2). 


Figure 2. Waveform Definitions 
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BOARD LAYOUT $4406 


Test Capabilities 


TESTEN allows the chip to use the REFCLK input 
instead of the VCO output to clock the chip. This is 
used during chip test to allow the counters and con- 
trol logic to be tested independently of the VCO. In 
addition, when TESTEN is brought High, an internal 
RESET pulse is generated. This initializes the inter- 
nal counter flip-flops to zeros, and at the end of the 
next clock cycle, the outputs go to a zero state. 
TESTEN can also be used for board testing to allow 
the user to control the output clocks from the S4406 
by inputting the board clock to the REFCLK input. 


Table 2. VCO Operating Frequencies 


xFOUTO-3 FREQ DELAY 

soMHz | 200mHz | 5.000ns_ 
| t6oMHz | 6.250ns 
| 20omHz | 5.000ns | 
Ce a 


Power Supply Considerations 


Power for the analog portion of the $4406 chips must 
be isolated from the digital power supplies to mini- 
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup- 
plies can be accomplished with a simple external 
power supply filter (Figure 4). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100H, and depends upon the frequency spectrum of 
the digital power supply noise. 


Figure 4. External Power Supply Filter 


FB1 


ANALOG cael ie cis ea DIGITAL +5V 
| 
0.1 pF = 10 pF 


Tantalum 
(optional) 
I 


ANALOG GND DIGITAL GND 
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Decoupling capacitors are also very important to mini- 
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip capaci- 
tors are recommended. Decoupling capacitors should 
be located as close to the power pins as physically 
possible. And the decoupling should be placed on the 
top surface of the board between the part and its con- 
nections to the power and ground planes. 


BOARD LAYOUT CONSIDERATIONS 


¢ The S4406 chips are sensitive to noise on the Ana- 
log +5 V and Filter pins. Care should be taken during 
board layout for optimum results. 


e All decoupling capacitors (C1—C4 = 0.1 uF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4406 and the power and ground plane connections. 


¢ No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 6) to avoid the possibility of noise due 
to crosstalk. 


¢ The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 


¢ The analog VCC plane should be separated from 
the digital VCC and ground planes by at least 1/8 
inch. 


Figure 5. Board Layout 
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$4406 | PIN DESCRIPTIONS 


PIN DESCRIPTIONS 


Input Signals 


REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the outputs. Also re- 
places the VCO output when TSTEN is high (after 
first divide-by-two stage in divider phase control 
logic). See TSTEN. | 


FBCLK. Feedback clock that, along with the REFCLK 
input, determines the frequency of the outputs. One 
output is selected to feed back to this input. 


TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by- 
two stage. Also, when brought High, generates an 
internal Reset pulse that initializes the internal 
counter flip-flops to zero. 


xMS2,1,0. Mode selection inputs that allow selection 
of the phase and frequency relationship of each of 
the four banks of three clock outputs. The “x” repre- 
sents the output group number (0-3). Refer to Table 
1 for mode selection options. 
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Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one capacitor) to 
be included in the PLL. 


xFOUTO—-2. Clock signal outputs. Refer to Table 1 
and Figure 4 for a description of output options. 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San‘Diego, CA 92121 © (619) 450-9333 


AMGG 


ELECTRICAL CHARACTERISTICS/PACKAGING 
Figure 6. 52—pin PQFP Package 


All dimensions in mm. 


DC CHARACTERISTICS 


[Symbol | Parameter | DC Test Conditions | Min | Typ?| Max [Unite 
[vit | meanicnvome | Giwarearpawvoteetratvons | 20 | | | v_ 


Vit2 Input LOW Voltage Guaranteed input LOW voltage for all inputs FT fl ow | vv 
Input clamp diode voltage VCC = Min, lin =-18 MA Cd 


=- 3 
Output HIGH Voltage Vcc = Min lOH = -12 MA 2.4 
IOH = -24 mA3 


Output LOW Voltage Voc = Min, Io_ = 24 mAs 


| 2.0 | 
at 
bee 
Renee 
pine WASH Cuirerm(atMex <= | Voc SMe VNS VC 8 8 es 
as 
ae 
25 | 
Lae 
a 


Input LOW Current VCC = Min, VIN = 0.5V 


Output short circuit current VCC = Max, VOUT = OV 


1. Typical limits are at 25°C, V,,. = 5.0V. 

2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
3. loy/lo_ values indicated are for DC test correlation. Actual dynamic currents are significantly higher. 

4. Maximum test duration one second. 
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$4406 AC SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


TTL Supply Voltage VCC (VEE = 0) 


TTL Input Voltage (VEE = 0) 
Operating Temperature 
Operating Junction Temperature TJ 


RECOMMENDED OPERATING CONDITIONS 


[Parameter | Min_|Nom| Max_| Units 
e2ec| 


Operating Temperature 0 70 
(ambient) (ambient) 


Junction Temperature | | | 130 | 


Table 3. AC Specifications 


| frer | REFCLK Frequency 
tine 


0°C to 70°C ambient 
+ 130°C 
—65°C to +150°C 


tiar Input Rise/Fall Time 
REFCLK Minimum Pulse Width 


vco 
Vise | Phase Eror beween REFCLK and FBCLK 
teen | Phase Error Diference from Partto Pat 
a 
tps | Nominal Phase Shift Increment® 


1. Difference in phase error between two parts at the same voltage, temperature and frequency. 

2. Output skew guaranteed for equal loading at each output. 

3. Outputs loaded with 35 pF, measured at 1.5 V. 

4. Croap = 35 pF. 

5. All phase shift increments and variation are measured relative to OFOUTO at 1.5 V. 

6. Clock period jitter with all FOUT outputs operating at 66MHZz loaded with 25 pF using loop filter 
shown. Parameter guaranteed, but not tested. 

7. With 35 pF output loading (0.8 V to 2.0 V transition). 

8. Depends on loop filter chosen. (Number given is for example filter.) 


Figure 7. Timing Waveforms 
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PINOUT/ORDERING INFORMATION 
Figure 8. $4406 Pinout 
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Ordering Information 


. J 


X XXXX X XX 


Grade Part number Package Speed 
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14-OUTPUT BICMOS PLL CLOCK GENERATOR 


DEVICE SPECIFICATION 


FEATURES 


Compatible with the Hewlett Packard PA-RISC 
microprocessor 

Dual +5V-referenced ECL (PECL) output clocks 
at 50 MHz, 75 MHz, or 100 MHz 

12 programmable TTL system clocks at up to 
50 MHz 

Three (3) user-selectable output frequencies for 
3 pairs of the TTL outputs 


GENERAL DESCRIPTION 


The S4407 BiCMOS clock generator provides two 
+5V-referenced 50-Q ECL outputs to drive the 
primary PA-RISC clock inputs, and 12 TTL clock out- 
puts with less than 500 ps of skew for use as system 
clocks. Implemented in AMCC’s 1.04 BiCMOS tech- 
nology, the internal VCO, phase detector, and pro- 
grammable frequency selection allow users to tailor 
the TTL output clocks to meet system requirements. 


¢ Internal VCO running between 200 to 320 MHz The internal VCO can operate between 200 to 320 
© 4.0u BICMOS technology MHz, and the programmable divide-ratios allow the 
© TTL output skew < 500 ps user to generate TTL output clocks in the 12.5—50 
® Single +5V supply Miz Tenge: 

@ 52 PQFP package 


Figure 1. $4407 Block Diagram 
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34407 FUNCTIONAL DESCRIPTION 


FUNCTIONAL DESCRIPTION 


The $4407 clock generator allows the user to choose 
the divide ratio between the VCO frequency and the 
frequency of the outputs by using the DSEL1,0 pins. 
The selectable divide ratios are shown in Table 1. 


The S4407 also gives the user the ability to select the 
appropriate frequency for each of the three groups of 
TTL clock outputs. The frequency selection choices 
are contained in Table 2. Figures 2—4 show the clock 
division and alignment timing. Mode 0 timing is 
shown in Figure 2, Mode 1 timing is shown in Figure 
3, and Mode 2 timing is shown in Figure 4. 


Any of the TTL clock outputs can be used to drive the 
FBCLK input, and thereby close the loop. The divide 
ratio selected for this output can be used with the 
REFCLK input frequency to determine the VCO oper- 
ating frequency. For example, if COUT2 is used as 
the FBCLK input, and the divide select is DSEL1,0 = 
01, then for a REFCLK input frequency of 25 MHz, 
the VCO will be operating at 25 MHz x 12=300 MHz. 


Test Capabilities 


Three pins are included for test purposes. TESTEN 
allows the chip to use the TSTCLK input instead of 
the VCO output to clock the chip. This is used during 
chip test to allow the counters and control logic to be 
tested independently of the VCO. For example, 


Figure 2. Mode 0 Timing 


when TESTEN = 1 and DSEL1,0 = 11, each of the 
PECL and TTL outputs will be a divide-by-two ver- 
sion of the TSTCLK input. 


For board test purposes, the user should configure 
the part to operate in one of the test modes, and 
apply a RESET pulse before supplying clocks to the 
TSTCLK input. After 14 or 22 rising TSTCLK inputs, 
all the output will go low and then begin operating 
with the expected pattern (defined by the DSEL in- 
puts). In TEST Modes 0 and 2, the outputs will go 
low after 22 clocks, and in TEST modes 1 and 3, the 
outputs will go low after 14 clock cycles. 


Filter 


FILTER is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single capacitor and resistor) can be 
included in the phase-locked loop (PLL) of the clock 
generator. See Figure 5. 


Figure 3. Mode 1 Timing 


f/2 


f/2 


f/2 TEST Mode 3 


1. fis the VCO frequency with COUT as the feedback clock and operating at 25MHz. 
2. | Processor bus (BOUT) to internal processor (AOUT) clock ratio. 
3. Reset Mode initializes all the state machines, to aid in test. 
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FUNCTIONAL DESCRIPTION/BOARD LAYOUT 


Power Supply Considerations 


Power for the analog portion of the S4407 chips must 
be isolated from the digital power supplies to mini- 
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup- 
plies can be accomplished with a simple external 
power supply filter (Figure 6). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc- 
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
100uH, and depends upon the frequency spectrum of 
the digital power supply noise. 


Decoupling capacitors are also very important to 
minimize noise. The decoupling capacitors must 
have low lead inductance to be effective, so ceramic 
chip capacitors are recommended. Decoupling ca- 
pacitors should be located as close to the power pins 
as physically possible. And the decoupling should be 
placed on the top surface of the board between the 
part and its connections to the power and ground 
planes. 


SINGLE-ENDED TO DIFFERENTIAL 
CLOCK TRANSLATION 


A tight input clock skew budget is a primary design 
constraint. The single-ended to differential clock 
translation circuit shown in Figure 7 allows the lowest 
possible clock skew to the PA-RISC module. In this 


design, $4407 outputs AOUTO and AOUT1 are tied 
together at the output pins. The circuit translates this 
single-ended signal into four differential inputs that go 
directly into the PA-RISC with short interconnects. 
The input clock skew at the PA-RISC inputs is mini- 
mized and is due solely to the interconnect lengths 
and impedance mismatches. 


BOARD LAYOUT CONSIDERATIONS 


¢ The S4407 chips are sensitive to noise on the Ana- 
log +5 V and Filter pins. Care should be taken during 
board layout for optimum results. 


¢ All decoupling capacitors (C1—C4 = 0.1 WF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce- 
ramic chip caps) and placed on top of board between 
$4407 and the power and ground plane connections. 


¢ No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 6) to avoid the possibility of noise due 
to crosstalk. 


¢ The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 


¢ The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 


Table 2. Frequency Selection Choices 


1; “x” = A, B, or C. 


PxSEL1 
[0 [0 [Both outputs atthe same frequency as Group 
[0 [1] Both outputs atthe same frequency as Group C 
[1 [oT Both outputs at the same frequency as Group D 


Both outputs disabled in the high state? 


2. Outputs disabled when TESTEN = 0. When TESTEN = 1, the program- 
mable outputs will be at half the TSTCLK input frequency. 


Figure 5. External PLL Filter 
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Figure 6. External Power Supply Filter 
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$4407 | PIN DESCRIPTIONS 


PIN DESCRIPTIONS 


Input Signals 


REFCLK. Reference clock supplied by the user that, 
along with the output tied to the FBCLK input, deter- 
mines the frequency of the outputs. 


FBCLK. Feedback clock that, along with the 


REFCLK input, determines the frequency of the out- 
puts. One output is selected to feed back to this in- 
put. (See Table 1.) 


RESET. Active Low. Asynchronously initializes inter- 
nal counter flip-flops to zero for test purposes. At the 
end of the next clock cycle, the outputs go to a zero 
state. 


TESTEN. Active High. Test enable input allows the 
$4407 to use the TSTCLK input instead of the VCO 
output to clock the chip. Used during chip test to 
allow the counters and control logic to be tested inde- 
pendently of the VCO. For example, when TESTEN 
and DSEL1,0 are all high, each of the PECL and TTL 
outputs are a divide-by-two version of the TSTCLK 
input. 


TSTCLK. Test clock input used by the $4407 to 
clock the chip when selected by TESTEN. See 
TESTEN. | 


DSELO. This input, along with DSEL1, allows selec- 
tion of the divide ratio between the VCO frequency 
and the frequency of the outputs. Refer to Table 1 for 
the selectable divide ratios. This input incorporates a 
14K ohm pull-up resistor and can be left unconnected 
if the input is intended to be in the high state. 


DSEL1. Along with DSELO, allows selection of the 
divide ratio between the VCO frequency and the fre- 
quency of the outputs. Refer to Table 1 for the select- 
able divide ratios. This input incorporates a 14K ohm 
pull-up resistor and can be left unconnected if the 
input is intended to be in the high state. 
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PxSELO. Input that, along with PxSEL1, allows selec- 
tion of the frequency for each of the three groups of 
prgrammable TTL outputs. The “x” refers to either 
Group A, B, or C. Refer to Table 2 for frequency 
selection options. 


PxSEL1. This input, along with PxSELO, allows se- 
lection of the frequency for each of the three groups 
of programmable TTL outputs. The “x” refers to either 
Group A, B, or C pairs of programmable outputs. 
Refer to Table 2 for frequency selection options. 


Output Signals 


FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and capacitor) to be 
included in the PLL. 


AOUTO. Single-ended +5\V-referenced ECL output 
clock. See Table 1. 


AOUT1. Single-ended +5\V-referenced ECL output 
clock. See Table 1. 


BOUTO-1. TTL clock outputs. See Table 1. 
COUTO-2. TTL clock outputs. See Table 1. 
DOUTO. TTL clock output. See Table 1. 


PAOUTO—1. Programmable TTL clock outputs. Refer 
to Table 2 for output frequency options. 


PBOUTO-—1. Programmable TTL clock outputs. Refer 
to Table 2 for output frequency options. 


PCOUTO-1. Programmable TTL clock outputs. Refer 
to Table 2 for output frequency options. 
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PACKAGING/APPLICATIONS 


Figure 7. Single-ended to Differential Clock Translation Circuit 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 


0°C to 70°C ambient 
+ 130°C 
~§5°C to +150°C 


RECOMMENDED OPERATING CONDITIONS 


TTL Supply Voltage (VCC) 4.75 | 5.05 | 


Operating Temperature 0 70 
(ambient) (ambient) 
Junction Temperature | — {| — | 130 | 


Parameter 


DC CHARACTERISTICS (TTL I/O) 
Parameter DC Test Conditions 


Vin? Input HIGH Voltage Guaranteed input HIGH voltage 
for all inputs 
Guaranteed 
Input clamp diode voltage 


input LOW voltage 
Output HIGH voltage Vec = Min plow=—12maAy 
lon = -24 mA? 


Output LOW voltage Voc = Min, lo, = 24 mA? 


DSELO, 
Input HIGH Current Voc = Min, Vin = 2.4V = : : 


Input HIGH Current at Max Voc = Max, Vin = Vec 


; DSELO, 1 
Input LOW Current Voc = Min, Vin = 0.5V ‘Other 


Output short circuit current Voc = Max, Vout = OV 


Croap = 25pF at SOMHz 


foe] 
o) 
© 


DC CHARACTERISTICS (ECL I/O) | 

Symbol DC Test Conditions | Min” | Typ' | Max _ 

Vou | Oupurtighvotage | Voo=50V LoadsontoVec-2v_—— | Voo-1000| | Veo-650 | mv 
z a 


Output LOW voltage Voc = 5.0V Load 502 to Vec — 2V Voc — 1960 
1. Typical limits are at 25°C, V_.,, = 5.0V. 
2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 


3. loy/lo_ values indicated are for DC test correlation. Actual dynamic currents are significantly higher. 
4. Maximum test duration one second. 
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ECL Output Falling Edge Delay® 


Loop Acquisition Time® 


A negative T,, indicates the FBCLK leads REFCLK 

Difference in phase error between two parts at the same voltage, temperature, and frequency. 
Measured at mid swing with a 35pF load. 

Measured at 1.5V with a 35pF load. 

Variation of delay on a given device over voltage and temperature. 

Measured between 20% and 80% of output swing with 35pF load. 

Measured between 0.8V and 2.0V with 35pF load. 

Depends on loop filter chosen. (Number given is for example filter.) 


SONORAN 


Figure 9. Timing Waveforms 


REFCLK 


FBCLK 


GROUP A 
OUTPUTS 


tSKEWB, C, D 


GROUP B,C, D 
OUTPUTS 
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PINOUTS/ORDERING INFORMATION 
Figure 10. $4407 Pinout. 


| PASELO 
——— PASEL1 
————! PBSELO 
———! PBSEL1 
1 PCSELO 
————! PCSEL1 


OI 
on 
ASS 
AS 
ae 
aS 


D GND 
REFCLK 
FBCLK 
DSEL1 
DSELO 
TESTEN 
TSTCLK 
NC 

D +5V 

D GND 
PCOUT1 
PCOUTO 
D GND 


ON OoaA WDD — 


14 15 16 1718 19 20 21 22 23 24 25 26 


PBOUTO 
D +5V 
D GND 


NC - No Connect. Do not connect to VCC or GND. 


Ordering Information 


[GRADE _| PLLCLOCKGENERATOR | PACKAGE | 
S—commercial 4407 Q—52 PQFP 


X XXXX 


Grade Part number Package 


[>< 
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ADVANCE INFORMATION 


A\MICIG 


BiCMOS PLL CLOCK MULTIPLIER 


FEATURES 


¢ Performs X2, X4 and X8 Multiplication on Input 
Clock Frequency 


¢ Eliminates the need for High Speed Crystals 


¢ Simplifies Clock Routing by Reducing High 
Speed Clock Traces 


¢ Generates 3 TTL Outputs of up to 80 MHz MAX 
¢ Output Skew + 200 ps MAX 


e 160-320 MHz PLL Requires no External 
Components 


e Space Saving 8 pin SIP or SOIC 

e Reduces System EMI Generation 

e Less than 0.3 W at 80 MHz 

¢ Proven 1-Micron BiCMOS Technology 


APPLICATIONS 
* “Deskewing” ASIC Devices 


e RISC and High Performance Microprocessor 
Systems 


e Clocking synchronous DRAMS and Memory 
Modules 


PHASE DET 
ia CHARGE 


PUMP/ 
vco 
DIVSEL 


Figure 1. S4501 Block Diagram 
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54501 


GENERAL 


The S4501 has two clock inputs, REFCLK and FBCLK 
and three outputs 2XOUT, FOUT and HFOUT providing 
signals at 2X, 1X and half the FOUT frequency respec- 
tively. The frequency of FOUT depends on DIVSEL, 
and the choice of outputs (frequencies) fed back to the 
REFCLK frequency FBCLK input. See Figure 1. 


The S4501 Clock Multiplier allows a 1/2, 1/4 or 1/8 
speed clock to be routed to the device which in turn 
produces 2X, 4X or 8X multiples to meet high speed 
clock requirements. | 


The $4501 can also be used as a “zero-delay” buffer to 
provide multiple frequency outputs in sync with the 
reference clock. 


In applications requiring ASIC “deskewing”, using an 
output of the ASIC as FBCLK to the S4501 allows that 
output (and others related to it) to be synchronized to 
the REFCLK to within + 750 ps. The S4501’s PLL will 
then actively align the clock of the ASIC to compensate 
for its nominal propagation delay as well as any variation 
due to process or operating conditions. 


Table 2. DC Performance Summary 


| Output Current | -24 

| Voh@-16mA | 2.4 
| Vol@+24mA | 
a oe ae 
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8 Pin Single In-Line Package 


.049 + .002 


033 + .002 


.026 + .002 
700 + .005 


.194 
+.003 

Vee Té6 TS GND 
gee 


N 


.0164.002 
.050 BSC 


Je-——— .013+.003 


.1914.002 


.237£,003 
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@ 
—— AIMIGE 
DEVICE SPECIFICATION 


CLOCK SYNTHESIZER $4503 
FEATURES GENERAL DESCRIPTION 
inliac | The $4503 is a clock synthesizer which utilizes phase- 
° | 
i oe ee muh relerence Waveney oy Wieder locked loop technology to provide two (2) independently 
he selectable output frequencies in the 10 MHz to 300 MHz 
° Digitally programmable output clock frequencies range. A reference input may be provided by either a 


from 10 MHz to 300 MHz 
* Two (2) groups of independent clock outputs 
- One group consists of differential PECL The first of the two (2) output frequency groups consists 
outputs of a pair of differential PECL (Positive referenced ECL) 
outputs which will operate up to 300 MHz. The second 
group (TTL) consist of two outputs with selectable fre- 
quency, up to 80 MHz. 


low cost crystal or a TTL frequency source. 


- One group is a pair of TTL outputs 
e Proprietary TTL output drivers with: 


- Complementary 24 mA peak outputs, 
source and sink 

- Source series termination 

- Edge rates less than 1.5 ns 


The final frequency for each group is digitally selected 
via three programmable counters. One counter is used 
to set the internal VCO frequency between 150 MHz to 
I 
¢ Low 250 ps reference clock jitter (PECL outputs) peace sae ie aaa ert - 
e 900 mW or less power dissipation, frequency 
and load dependent 


e 150 MHz to 300 MHz phase lock loop VCO 
frequency range 


e Advanced BiCMOS process technology 
¢ Space saving 28 PLCC package 


All phase lock loop elements are provided on chip with 
the exception of the passive components needed for the 
loop filter function and adjustment to the crystal input 
VCO. 


Logic Diagram 


XTALIN 
| 


CCA 
RF-CENTER 


XTALOUT 
z 


7] Pout 
P COUNTER 


(0, 1, 2, 4) . |_| POUTN 
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M COUNTER 
2 to 32 


LATCHES 


T1 COUNTER 
(0, 2 to 16) 


Oo sp) 
eFPrE 


T] TouT4 


| | TOUTIA 
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Absolute Maximum Ratings Capacitance (package) 

Storage Temperature............0000 -55°C to +150°C INDUL PINS eosceseereccesa Ga sitawAincntianes 5.0 pF 
Vcc Potential to Ground.................. -0.5V to +7.0V TTL Output PINS wecsssecscsncseviseicastavcien 5.0 pF 
Input Voltage ............csscccccesecsssssareees -0.5V to +Vcc PECL Output Pins................ssssscccssssssecceeeeres 5.0 pF 
Static Discharge Voltage.........ccccccssseeen >1750V | 

Maximum Junction Temperature ............... +130°C 

Latch-up Current ...........ccccccscssssssssrsceeseeees >200 mA 

Operating ambient temperature ........ 0°C to +70°C 


AC Characteristics 
Vcc = +5.0V + 5%, Ta=0°C to + 70°C 


[Symbol [Description [Conditions —+(| ‘MIN. | MAX | Units 
[Fvco [VEO Frequency SSCiSSSSSS 88] 800M 
[Fin [XTL Frequency, Fundamental _[XTLIN to XTLOUT——~S~S~sSS 28M 
[Fru TTL Input Frequency | Standard TTL Levels ——=S~sdC || « 
[Pout [PECL Out Frequency | SSSSCS~SS | 800 | Ma 
[Toute [TTL Out Frequency «| SSSSSCSCSCS—S—SS 80M 
TTexew TTL to TTL Output Skew [TTL Leading Edges at viv || 250 | ps 
"Tevet [Tour Symmety _——~S~dMeaured at TV SCiYCSSCi S| 
“Tevw.p [PECL Out Symmetry [Measured at diferenial crossing pots | | +250 | ps 

a 


PECL Clock Jitter, pk to pk 


Notes: 
1. Jitter is measured relative to the reference clock input at the XTALIN input. 
2. Output symmetry is the deviation from a 50% duty cycle. 
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CLOCK SYNTHESIZER $4503 


Electrical Characteristics 


Voc = +5.0V +5%, Ta = 0°C to + 70°C 


[Symbol _| ss Parameter, = ss| ~SSSCCondiitions, »—<s <= s| = Min |) Max _| Units | 
Output HIGH Voltage, ECL _|[50 Ohms to Vcc-2V VoL+0.6V | Vcc-0.96 
Output LOW Voltage, ECL _—‘|[50 Ohms to Vcc-2V Vec-1.6 | VoH-0.6 


'VoH crt) [Output HIGH Voltage = {Four = 80MHz max, CL = 10pF | 24] | VC 
Vou crt) |Output LOW Voltage, TTL [Four = 8OMHz max, CL = 10pF_—| | | CVC 
Vin crt) [Input (TTL) HIGH Voltage —{All TTL Inputs | | OV 
Vi crTty [Input (TTL) LOW Voltage —s [All TTL Inputs | OS |B VC 
loH(PECL) |Output HIGH Current [50 Ohms to Veo-2.0 = —(“ss| S| 8 || mA 
loL(PECL)|Output LOW Current ss ‘|50 Ohms to Vec-2.0  =——<sss| S| S| sm 
iH (TL) {input HIGH Current == —ss|VineVeon,— — —“‘“CSOSCC*rLSCOC*C*édCLC#SSCSé§Q200| WA | 
wrt) {input LOW Curent =—=s—“§s§ «s[Vinsos = —“(‘W! UCrdTChChChLhlUdT BA 
loHs' [Output HIGH Short Current [Output High, Vout = 0 V, Typical | = -55/| | mA 
lots’ [Output LOW Peak Current {Output Low, Vout = Vec, Typical |  =55(| | mA 
icc [Supply Current =—s——s[ TTL Outputs to 20 pF @ 50 MHz | = |_——1700| 

TTL Outputs to 20 pF @ 50 MHz | _—si 


1. Maximum test duration one second. 


The $4503 TTL outputs feature source series termination of approximately 40 Ohms to assist in 
matching 50-75 ohm P.C. boards environments. 


DC Characteristics | 

The S4503 has been designed specifically for clock distribution. In the development of this product, AMCC has made 
several modifications to the historic “high drive, totem pole outputs” producing AMCC’s dynamically adjusting source 
series terminated outputs. As a result of this, the S4503 will dynamically source and sink a symmetrical 24 mA of 
current. In a DC state, it exhibits the following specifications: 


TT eonaons [in [Wa 
Wor | tome ama | 2av] 
vo [tos ama [oa 
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$4503 CLOCK SYNTHESIZER 


DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 


The $4503 synthesizer employs a phase locked loop 
(PLL) which includes a divide down “multiplying” counter 
to produce a high frequency internal reference oscillator 
from a low cost, low frequency crystal. This high fre- 
quency internal reference is the output of a voltage 
controlled oscillator or VCO. This single VCO frequency 
is sub divided down to selectable TTL output frequen- 
cies. One positive (+5V) referenced complementary 
ECL (PECL) output (Pout) pair is also provided. 


The M counter is a frequency “multiplying” feedback coun- 
ter that divides down the VCO frequency, before applying 
it to the phase detector. Thus the VCO frequency is the 
product of the input reference (crystal) frequency and the 
M counter modulus. This divide down counter modulus is 
externally selected to any integer value from 2 to 32 by a 
five bit binary coded value, plus 1, entered into inputlatches 
via the preset input pins MO through M4. The MO to M4 
inputs have the binary weight of MO=2° through M4=2%. 
The MO-4 inputs are low or 0 if not connected. NOTE: 
an entry of all binary zeros will not count down and is, 
therefore, invalid. Designs that will load the M counter 
inputs from an external register that powers-up with the 
outputs in a hi-Z state will need to use external resistors 
to ensure the S4503 M counter inputs are never all zeros. 


The output frequency divide down counters “P & T” each 
have individual select input pins which may be actively 
driven by CMOS/TTL outputs or strapped to +Vcc (as a 
1) or non-connected as appropriate. Non-connected 
inputs are biased low or 0. When the binary coded value 
of zero is entered into these counter preselect inputs, 
their outputs are disabled, thereby saving AC output 
power. Output symmetry is very close to 50% duty cycle 
with both odd and even division modulus due to an odd 
division correction employed at the counter’s output. 
Refer to the counter preset tables for the binary coded 
preselect input values to division modulus. 


The TTL output drivers of the T counter are source series 
terminated by internal resistors of ~40 Ohms to avoid the 
need for external termination. This series termination 
was choosen to match 50 to 75 Ohm transmission line 
traces into end of line load capacitance of ~20 pF. Refer 
also to the AMCC Clock Driver Application Note #1. The 
complementary PECL output emitter followers can 
source 25 mA_ from +Vcc and should be externally 
terminated at the end of the transmission line into an 
equivalent 50 Ohm resistance to +Vcc - 2V. 


The analog VCO circuitry requires some extemal passive 
loop filter components mounted very close to the required 
$4503 package pins. A VCO frequency centering resistor, 
RFcenter, is connected between KVCO and +VCCA, the 
analog +5V. A frequency span resistor, Rspan, is connected 
between pins REXT1 and REXT2. A loop filter series resis- 
tor-capacitor pair, RCOMP & CCOMP is connected between 
pin Comp and analog ground GNDA. Note that the analog 
ground (GNDA) and +5V (+VCCA) are to be isolated (de- 
coupled) from the noisier digital and output power leads VCC 
and GND. 


The input to the XTALIN pin will be a series resonant 
crystal of fundamental frequency from 5 to 25 Mhz. The 
external addition of series or shunt capacitance to “pull” 
the frequency is up to the user’s discretion. An external 
series resistor may be required to limit the drive current 
from the Xtlout pin with low ESR crystals. 


When the XTLIN pin is driven by an external TTL clock 
source, the XTLOUT pin is not connected and the peak 
TTL amplitude should not exceed 3 volts. TTL output 
signals should be in the range of 5-80 MHz. 


BOARD LAYOUT CONSIDERATIONS 


To minimize the impact of board noise on the operation 
of the S4503, the following guidelines should be fol- 
lowed. 


¢ The analog VCCA and GNDA need to be isolated 
from the digital supplies. This can be 
accomplished by creating small analog power and 
ground planes next to the S4503 under the filter 
and VCO components. These analog planes can 
be connected to the digital planes through wire 
jumpers, small inductors (5-100 uH), or ferrite 
beads. If the digital supply noise is too large 
(>100mV), the inductors or ferrite beads will be 
necessary. 


System GND 


System VCC 


Applied Micro Circuits Corporation 


Page 5-44 


6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


CLOCK SYNTHESIZER $4503 


e Decoupling capacitors of 0.1 and 0.01 uF are 
needed. Three pairs should be placed as 
close to the S4503 power and ground pins as 
possible. One pair should be used to 
decouple the analog VCC and GND, while the 
others are for the digital supplies. The Vtt sup- 
ply will also need to be decoupled using 0.1 
and 0.01 uF capacitors. These components 
should be surface mounted chip capacitors, to 
reduce the parasitic inductance. 


¢ No dynamic signal lines should pass through 
or beneath the filter circuitry area, to avoid the 
possibility of noise due to crosstalk. 


The crystal oscillator will need to have a 2 M 
ohm shunt resistor connected between the ter- 
minals of the external crystal, and two 20 pF 
capacitors connected from each pin of the 
crystal to VCC (or GND). These components 
are necessary to ensure the oscillator will op- 
erate at the correct frequency. 


t 20pF 


_] CRYSTAL 


ia 20pF 


The loop filter and VCO components must be 
surface mounted to reduce the parasitic induc- 
tance, and the components are connected to 
the analog power and ground planes, rather 
than the digital planes. 
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FILTER AND VCO COMPONENT 
SELECTION 


The $4503 is designed to operate over a wide range 
of VCO frequencies. Because of this, it is necessary 
to modify the values of Rspan and Rfcenter in order 
to get the best performance at a given frequency. 


When operating the $4503 with the VCO in the 150— 
225 MHz region, the values for the VCO components 
are: 


Rspan = 470 Ohms, Rfcenter = 390 Ohms 


When operation the $4503 with the VCO in to 225- 
300 Mhz, the values for the VCO components are: 


Rspan = 390 Ohms, Rfcenter = 820 Ohms 


The loop filter components, Rcomp and Ccomp, do 
not change values at different frequencies. The cor- 
rect values for these components are: 


Rcomp = 2.7K Ohms, Ccomp = 0.1uF 


All of the resistor values are 5% and 1/8 watt. 
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Power Management 


The overall goal of managing the power dissipated by the S4503 is to limit it’s junction (die) temperature to 130°C. 
A major component of the power dissipated internally by the S4503 is determined by the load that each TTL output 
drives and the frequency that each output is running. The following table summarizes these dependencies. 


| 80 MHz | 42mw | 51 mW | et mw | 8a mW 132 mW | 18 mW 
| 50MHz | 28 mw | 33 mw | 39 mw | 60 mW | 85 mW 14 mW __ 
| 40 MHz | 25 mw | 30 mw | 36 mW | 52 mW | 70 mW 13 mW 
| 33MHz | 19 mw | 22 mW | 24 mw 46 mW 6S mW 12 mW 
| 25 MHz | 16 mw | 18 mw | 20 mw | 32 mW | 6 mW tt mW __ 

| 14 mw | 6 mw | 18 mw 4 mw 4 mw 10 mw 


The above output power must then be added to the core power (700 mW) of the S4503 to determine the total power 
being dissipated by the S4503. This total power is then multilplied by the S4503’s thermal resistance, with the result 
being added to the ambient temperature to determine the junction temperature of the $4503. For greatest reliability 
this junction temperature should not exceed 130°C. The thermal resistance for the S4503 is as follows: 


STILL AIR 100 LIN FT/MIN | 200 LIN FT/MIN 
THERMAL RESISTANCE 60°C/Watt 50°C/Watt 45°C/Watt 


Designing the S4503 for “Real Loads” 


The $4503 is designed to provide clean clock transitions when presented with a realistic load. The assumptions are 
that the $4503 will be driving a selected length(s) of 70 Ohm (Zo) P.C. board trace terminated by a small number of 
end of line clustered TTL or CMOS input receiver pins. This end of line capacitive loading can cause overall impedance 
to drop to under 60 Ohms. Therefore, to a first approximation, this clock output driver will cleanly drive P.C. line 
lengths of 6" to 12" with capacitive loads ranging up to 20 pF at frequencies up to 80 MHz. Higher capacitive loads 
(greater than 25 pF) at high frequencies (greater than 50 MHz) may require the like output drivers to be strapped in 
parallel. | 


Within this general circuit model, AMCC has developed the Evaluation Circuit presented on the following page. This 
is a mid-point model and can be modified to reflect a specific end use. More details concerning this are presented 
in the Application Note. 
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CLOCK SYNTHESIZER © 


$4503 


| Evaluation Circuit 


|¢«—___— ~6 INCHES of 70 OHM P.C.B. ——_ 


NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point destination is recommended 


$4503 M- Counter Division Table 


Fotofotolo| man | 
Pa tofolofol 2 | 


ane ae 


[Where: M(0:4) + 1 = MODULUS and M0=2°, M1=2', M2=22, M3=2°, M4=24] 


1 1 
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$4503 Output Counter Division Table 


P-MODULUS | 


DISABLED 


! 
\ 
Hy 
{ 
i 
i 
| 
| 
i 
i 
i 
i 


| To | 11 | 12 | 13 |T1-mopuus | 
p20. 1 0.) 0 | DIBABLED 
Pereira a a 
eee ee ee eee 
Perera a 
polo{ito} 5 | 
PaO) Oo) 6 
io ree ee a oe 
rit+tatol «| 
Folofoli{ oo. | 
fitofolia}| wo 
cca ks ie a 
ce eee ae 
iat ee ee 
Ene sere a 
Pile re eee 


Where T1 (0:3) + 1 = MODULUS and 
To = 2° 
T1 =2! 
T2=2° 
T3 =2° 
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CLOCK SYNTHESIZER S4503 
Package 28 PLCC Package and Pinout 


| | XTALOUT 


2 
25|_} XTALIN 


All dimensions nominal in inches. 


$4503 A-28 PLCC 


XXXXX X 


Part Number Package 


Ordering Information 
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DEVICE SPECIFICATION 


Features: 

e 10.4ns Propagation Delay (commercial, worst case) 
¢ Generates both Odd and Even Parity 

e Checks for both Odd and Even Parity 


e Configured as four Independent 9-bit Parity 
Generators and four 9-bit Parity Checks with Byte 
Select 


e Byte Independent Parity Error Forcing Capability 


e Ideal for use in High Performance 32-Bit CPU 
System Designs 


e Surface Mount Technology 


e Replaces four ’280’s and PAL Device 


Signal Names: 


DATA (input) [D (0:31)] 
32 data input signals. 


WRITE (input) [WR] 

This signal is driven by the processor to indicate a 
read or write operation. A low indicates a write cycle, 
during which the S4280 will generate parity for each 
byte, while a high indicates a read cycle and a 
corresponding check for correct parity on each byte. 


FORCE PARITY ERROR (input) [FPE (0:3)] 

This active high signal is typically driven by an 
external control register. When high, it inverts the 
parity such that “bad” parity is stored at that memory 
location. Parity circuitry may be tested by writing 
“bad” parity and then reading it to verify that a parity 
error occurs. Note: FPE can be disabled by tying this 
input to ground. 


PARITY IN (input) [PI (0:3)] 

The four parity input signals (one for each byte) are 
commonly driven from an external DRAM. PIO 
corresponds to DO:7, Pli corresponds to D8:15, Pi2 
corresponds to D16:23, and PI3 corresponds to 
D24:31. 
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36-BIT ODD/EVEN PARITY GENERATOR AND CHECKER 


available as outputs. 


A|MICIG 


Description: 


Packaged in a 68 pin J-leaded chip carrier, the S4280 
is a 36-Bit Parity Generator and Checker used to 
detect errors in high speed data transmission and 
retrieval systems. Both Odd and Even parity outputs 
are available for each of the four bytes of data. Four 
force parity error lines (one for each byte) allow the 
system to verify the operation of the parity generating 
and checking circuits by forcing parity errors. 


Four select lines are used to select bytes for checking 
parity. Both even and odd parity error signals are 
A “read/write” option is also 
provided, with parity checking enabled during “read” 
operations. 


BYTE CONTROL (input) [BC (0:3)] 

These four active low signals select which byte 
contains data/parity to be checked. BCO corresponds 
to DO:7, BC1 corresponds to D8:15, BC2 corresponds 
to D16:23, and BC3 corresponds to D24:31. 


ODD PARITY OUTPUT (output) [OPO (0:3)] 

These parity outputs are active high. OPOO 
generates odd parity for DO:7, OPO1 generates odd 
parity for D8:15, OPO2 generates odd parity for 
D16:23, and OPO3 generates odd parity for D24:31. 
These outputs are commonly used only during write 
cycles and are written to external DRAMS if odd parity 
is desired. 


EVEN PARITY OUTPUT (output) [EPO (0:3)] 

These parity outputs are active high. EPOO generates 
even parity for D0:7, EPO1 generates even parity for 
D8:15, EPO2 generates even parity for D16:23, and 
EPOS3 generates even parity for D24:31. These 
outputs are commonly used only during write cycles, 
and are the logical inverse of the OPO (0:3) lines. 


ODD PARITY ERROR (output) [OPE] 


This active low parity error signal indicates that an odd 
parity error occurred on one of the four selected data bytes. 


EVEN PARITY ERROR (output) [EPE] 


This active low parity error signal indicates that an even 
parity error occurred on one of the four selected data bytes. 
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Note: Logical representation only. Circuit level implementation may differ. 
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PARITY GENERATION 


PINPUTS | outpuTS 


ee DO:7, D8:15, D16:23, D24:31 (# of High Data Lines) OPO (0:3) EPO (0:3) 
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Note: 1. The truth table for is generated by reversing odd and even in the above table and changing the output to OPE. 
2. Even = 0, 2, 4, 6, 8 one’s in nine bit input. 
Odd = 1, 3, 5, 7, 9 one’s in nine bit input. 
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AC CHARACTERISTICS® 


PARITY CHECKING 


~ | 
t 


et 
| lt S| WRto EPE, OPE 
et 
| lt ~—S*/TC Bn to EPE,, OPE 


SYMBOL PARAMETER 
tHL 
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PARITY GENERATION 


1 Typical limits are at 25°C, Vcc = 5.0V. 


COMMERCIAL 


SYMBOL PARAMETER 
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2 These input levels provide zero noise immunity and should be tested in a static, noise-free environment. 


3 Measured with 15pf output load external to device. 
68 PIN J-LEADED CHIP CARRIER 
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ADVANCE INFORMATION 


PC] CONTROLLER FOR ADD-ON APPLICATIONS 


FEATURES 


Low Cost 


Single—chip PCI-BUS master or PCI-BUS 
slave for add—on products 


Integrated data path 
Two 32—byte FIFOs (one for each data direction) 


32-bit width (S5932, $5933), 8— or 16-bit 
width (S5930, $5931) 

Built-in address decoding (memory space and 
I/O) 

Data path size matching and lane steering 
Performs PCI! Burst transfers 

Dual address counters (one for writes, one for 
reads) for PCI port 

Throttle control on PCI port 

Two sets of 16 bytes of mailbox register(s) with 
empty/full status and interrupts 

Interrupt on transfer complete and/or mailbox 
activity 

Synchronous host interface 

Asynchronous add—on interface 

Supports external x 8 BIOS EPROM $5931, 
$5933) or serial NVRAM (S5930, S5933) 
Implements PCI Configuration Registers 


Pass—through mode permits PCI Bus access 
to add—on elements or emulation of other hard- 
ware 


120, 144 and 160 PQFP package 


APPLICATIONS 


RAID Systems—File Servers/Work Stations 


Communication Boards—File Servers/Work 
Stations 


Image Processing—Video Conferencing, Ed- 
iting, Multimedia, Games, Image Recognition 
Instrumentation, Custom Applications 

Data Acquisition Systems 
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AMC 


$5930 — $5933 


GENERAL 


AMCC’s PCI Local Bus Master/Slave Controller 
Interface provides a high performance single—chip 
solution between the PCI local Bus Standard and 
custom add-on boards. Address decoding, ad- 
dress sourcing, burst transfers, and all elements 
necessary to perform efficient and timely data 
transfers are provided within the device. Included 
within is a bidirectional 32-bit wide FIFO which 
facilitates the system—to—system synchronization 
and data transfers between the local bus and the 
add—on product. A custom BIOS EPROM can be 
used to perform any pre—boot initialization re- 
quired of the add—on function. The external ROM/ 
EPROM/NVRAM can be either in by eight or serial 
form and provides a convenient method to custom- 
ize an add—on board. 


Figure 1. PCI Interface Controller Signal Groups 


$5930/S5931 
16/8 Bit 

PCI Local Bus Add-On Bus 
PTATN# PTATN# 
PTRDY# 
PTNUM[1:0] 
PTBE[3:0}# 
PTADDR# 


PTRDY# 
PTNUM{[1:0] 
PTBE[3:0}# 
PTADDR# 


PTWR PTWR 
PTBURST# PTBURST# 
FRAME# DQ{31:00} DQ{15:00} 
IRDY# 
TRDY# ADR[5:2] ADR{5:1] 
STOP# BE[3:0]}# BE[1:0]# 
LOCK# 
SELECT# 
IOSEL WR# 
DEVSEL# RD# RD# 
REQ# 


BS8# 
SELECT# 
WR# 


WRFIFO# WRFIFO# 
RDFIFO# ROFIFO# 


WRFULL WRFULL 


ROEMPTY RDEMPTY 


IRQ# 
BPCLK 
SYSRST# 
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$5930 — $5933 


This component is designed to permit the direct 
connection between the PCI local bus and a vari- 
ety of general purpose microprocessor style buses. 
Bus Master transfers can be performed on the PCI 
Local Bus while accesses occur on the add—on’s 
processor bus. Transfer parameters, such as the 
PCI address, transfer counts, mailbox registers, 
and status are provided in the PCI interface con- 
troller as |/O mapped locations on the PCI bus. 


The PCI Local Bus Master/Slave Controller con- 
sists of three signal groupings: the Local Bus 
signals, the EPROM interface, and the add—on 
general purpose bus signals. 


Figure 2. $5930-S5933 Block Diagram 


CONTROL 


PCi Transfer Counters 


BIOS ROM INTERFACE 
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_ PCI CONTROLLER FOR ADD-ON APPLICATIONS 


APPLICATIONS 


Many of the high-end, complex peripheral func- 
tions in today’s PCs require (or prefer) their imple- 
mentation with their own dedicated, embedded 
microprocessor. Often, the functions desired and 
the local memory necessary for these add—on 
products prohibit their integration into a single 
device. The benefits from the embedded micro- 
processor approach mostly come from the flexibil- 
ity, time to market, and function complexity which 
only software techniques can achieve. 


AMCC’s PCI controllers provide for a high perfor- 
mance, highly integrated, and easy-to—use method 
to interface an embedded microprocessor sub- 
system with the PCl Local Bus. 


ADD-ON 
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CLOCK DRIVER 


A\WICIG* 


APPLICATION NOTE #1 


The SC35XX Family of Clock Drivers have been 
designed to provide single chip solutions which ease 
clock distribution for TTL/CMOS 1/O compatible 
microprocessor based systems. 


All products have a generous supply (10 or 20) of the 
various derived frequency outputs to avoid overloading 
any one output. The outputs may also be used in 
parallel for driving particularly heavy loads. The 
availability of numerous clock outputs reduces the need 
to “daisy chain” or “branch” loads. The end benefit to the 
user is reduced clock skew with a high quality received 
wave form. By virtue of this single chip providing clock 
shape, clock edge alignment and clock fanout, the 
system designers task is reduced to providing load 
balance and careful P.C. board layout. 


e This “Appnote” describes and discusses: 
e Frequency Sources 

e Skew Management 

e Clock Waveform Signal Integrity 

e Chip Power Estimations 

¢ High Capacitance Loads 

e Output Symmetry Compensation 

e Reset Control and Timing 


e Use of Multiple Clock Chips in a 
System-Primary and Secondary Distribution 


FREQUENCY SOURCE 


It is suggested that the basic Frequency Source be a 
low cost crystal-controlled oscillator (XCO). 
Frequency tolerance and stability are offered from 
0.05% (500PPM) to 0.001% (10PPM), with 0.01% 
(100PPM) being readily available at competitive 
prices. These crystal oscillators should be acceptable 
over most operating temperature ranges. Only with 
large temperature fluctuations during operation would 
the higher priced temperature compensated crystal 
oscillator (TCXO) be suggested. TTL output devices 
are available up to 100 MHz with ECL output devices 
spanning the entire range of interest, from 30 to 200 
MHz. 
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An appended list of domestic sources for these 
oscillators, including phone numbers is_ provided. 
While this list is not all inclusive, it will provide an 
initial reference (See Appendix A). 


NOTE: The SC35XX PECL (Positive 5 -Volt ECL) 
Inputs are designed to interface with an ECL output 
oscillator operating at ground to +5.0 Volts. The 
oscillators complementary emitter follower outputs 
may be “self-terminated” within the package by 200 to 
500 Ohm pull down resistors to ground (- Vee) or they 
may be terminated discretely via resistors on the P.C. 
board. The oscillator should be placed close (<4") to 
the SC35XX driver. 


CLOCK SKEW MANAGEMENT 


The SC35XX has been designed to reduce the 
system level Clock Skew Management task to two 
basic design issues. 


1) P.C. Board layout (keeping all clock traces to 
approximately equal lengths) 


2) Matching the end-of-line load capacitance, to within 
5 to 10 pF. 


These two signal-edge delay (or skew) contributors 
can be estimated, as follows (Figure 1) 


1) “Microstrip”, which is the single surface conductor 
over a distributed ground or power plane, has a 
nominal propagation delay of approximately 150 pS 
per inch. 


2) “Stripline’, which is a buried conductor sandwiched 
between two ground or power planes, has a nominal 
propagation delay of approximately 200 pS per inch. 


3) Variations in the end-of-line lumped-load 
capacitance will increase or decrease the clock 
signal’s rise and fall time. These changes will be 
approximately 0.5 ns per 10 pF over the range of 10 to 
40 pF. Be sure to verify the receiving input package 
capacitance of all clock receptors. Typically, plastic 
flat packs have the lowest with ceramic pin grid arrays 
(PGA’s) having the highest input pin capacitance 
values. PGA’s also have the disadvantage that their 
plated thru holes can add significant capacitance (up 
to 10 pF or more.) This should be checked with a 
capacitance meter. 
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APPLICATION NOTE #1 


Microstrip 


t 


Stripline 


Figure 1 


4) To match clock trace lengths, when the receiving 
devices are differing “Manhattan” distances from the 
SC35XX driver, the P.C. trace must be lengthened to 
the closer loads. This can be accomplished by 
forming a “serpentine” path (Figure 2). 


5) Due to the simultaneous switching of up to 20 
capacitively loaded output drivers, the +Vcc and 
ground power should be provided by low impedance, 
well decoupled +Vcc and ground planes within the 
P.C. board (refer to “Summary”, pg 8, item 6). 


CLOCK WAVEFORM SIGNAL INTEGRITY 


Clock waveform signal integrity refers to the control 
of noise margin and receiver threshold crossing 
distortions. DC margins for TTL I/O levels are often 
secondary when operating frequencies exceed 25 
MHz. This is due to the overriding effects of 
“overshoot/undershoot” (i.e., ringing) or poorly 
terminated transmission lines causing reflections 
from the end of the line back toward the signal 
source. 


The effect of these reflections can be the presence of 
half or partial amplitude steps in the clock wave form 
appearing at intermediate “branched” or “daisy 
chained” load points. These partial amplitude steps 
can cause spurious triggering at these intermediate 
load points. 
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Serpentine Wiring For Equal 
Length Clock Traces 


SC35XX 


Figure 2 


The TTL/CMOS clock output driver must provide a 
reasonably square voltage waveform from +0.5 to + 
3.5 Volts, as a minimum. Unfortunately, you must 
distribute this clock over a printed copper trace with 
variable inductance, capacitance and length, which 
may exhibit characteristic line impedance (Zo) 
anywhere from 50 to 200 Ohms. Add to this the 
variable of receiver(s) load capacitance and notice 
that the 50% duty cycle square wave that you started 
with has become distorted with ringing and 
undershoot. You should be aware that undershoot 
below about -1.0 Volt can draw substrate bias current 
at the receivers causing transient errors. 


All of this leads to a need for controlled impedance PC 
wiring with good impedance match termination. This 
is especially true when you consider device input 
clock frequencies are approaching > 60 MHz while 
high and low times of critical minimum widths and 
voltage levels are specified. 


The introduction of line termination is necessitated by 
the ringing and distortion at the clock receptors 
caused by the mismatch of the driver source to the 
line and the load impedance. This added termination, 
wherever applied, is a compensation to the original 
mismatch which is sensitive to frequency, inductance 
and capacitance of the P.C. board. 
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CLOCK DRIVER 


Several methods of line termination are available 
(refer to Transmission Line “Termination”, figure 3): 


A. DC shunt load termination is generally a Thevenin 
equivalent resistor pair across the +5 Volts and 
ground buses with the mid point tied to the end of 
each clock line. While the signal integrity results are 
good, the large power consumption, due to the large 
voltage applied to the low end of line resistance make 
this scheme a poor choice. 


B. AC shunt load termination can be effective to 
“tune” each load network with a selected series 
resistor-capacitor pair at the end of each clock line to 
ground. If the load capacitance or line length varies 
appreciably, so must the R-C termination pair. As with 
any of the shunt load termination schemes, you must 
provide external trace and component mounting 
locations at the end of every clock line. AC power 
dissipation is quite high using this method. 


C. DC series source termination can be incorporated 
within the clock output driver on the IC itself thereby 
eliminating the need for additional board-mounted 
components. The source termination permits a 
reasonable compromise to accommodate a variation 
in line impedance and load capacitance with quite 
good signal fidelity. Clock loads may only be placed 
at the end of the line. 


NOTE: Use of any of the series or shunt termination 
methods precludes the use of branch or “Y” wiring 
within the clock fanouts due to impedance splitting. 


The following table compares these three described 
termination schemes: 
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The SC35XX helps the designer manage these 
“reflections” in two ways. First, with a generous 
number of clock outputs (10 or 20) available, “daisy 
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Transmission Line “Termination” 


Zo=R/3 
Cload 22 s$ R/2 


Figure 3 


chained” or “branched” connected receivers can be 
avoided. Secondly, the source termination within the 
SC35XX output drivers is provided to optimally 
terminate a lumped-load capacitance at the end of a 
50 - 100 Ohm transmission line, without the addition of 
any discrete termination circuits. 


While 100 Ohm traces are preferred, characteristic 
line impedances of 50 or 75 Ohms, may be necessary 
at an increase of power in the SC35XX’s output 
drivers. These lower impedance P.C. board traces are 
generally dictated by manufacturing issues 
accompanying multiple signal, power, and ground 
layers in the P.C. board fabrication. 


Remember that TTL type signal amplitudes, in the 2.5 
to 4.0 Volt peak range, dissipate considerable Cv?F 
power. This CV°F power, coupled with the fact that 
the transmission line capacitance is at least twice as 
great at Zo=50 Ohms compared to Zo=100 Ohms, 
strongly suggests that the characteristic trace 
impedance of high frequency clock lines should be 
selected at 70 Ohms or above, with 100 Ohms 
recommended. See Appendix B for equations. 


NOTE: For end-of-line lumped capacitance, a cluster 
or branch of receiver pins within two inches of each 
other is acceptable. The capacitance of all such pins 
is additive. See Figure 4. 
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End of Line Load Clustering L1 
Or L2 <2" if 


[PB 
|: 
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Figure 4 
SC35XX POWER DISSIPATION 


With output frequencies above 50 MHz, the SC35XX’s 
loading must be “managed” to limit its power 
dissipation to less than 1 Watt. This can be 
accomplished by minimizing the loading on each clock 
output or by connecting fewer of the clock outputs. In 
this case unused outputs still dissipate a minimum of 
power, which must be added into the total. 


The SC35XX product data sheets detail all necessary 
power dissipation calculations. 


NOTE: The capacitance of 70 Ohm transmission line 
is approximately 1.5 times that of 100 Ohm line for 
effective lengths up to one rise time or ~10 inches 
and, as mentioned above, with Zo=50 Ohms the 
capacitance is twice that of Zo=100 Ohms. The 
additional effective output load capacitance is 
approximately 8pF for 70 Ohms at 10 inches as 
compared to 100 Ohms. See Appendix B for 
equations. 


Page 7-6 


CLOCK DRIVER 


CAPACITIVE LOADS 
e Capacitive loads consist of the sum of four 
contributors. 


e The “load” package itself, where a plastic flat 
pack may exhibit 4-8 pF load, while a 
ceramic pin grid array may represent 8-15 pF 
load. 


e Plug in sockets can add 5-10 pF. 


e Plated-through-holes in a dense multiplayer 
P.C. board may add as much as 5-15 pF. 


P.C. board trace impedance (as reviewed above) 


The SC35XX products are designed to drive a wide 
variation in  capacitve loads. AMCC _ strongly 
recommends that the user “balance” his loads as 
equally as possible. This will help to minimize skew at 
the various loads (the larger a load is, the slower the 
rise time of the clock). Where the user is not able to 
balance his loads, the skew will typically be derated at 
50ps/pF at the 1.5V threshold. (Example - one load is 
5 pF heavier than all other loads - that load’s clock will 
cross the 1.5V threshold 250 ps later than the others). 
A compensatory shortening of the higher capacitance 
load traces may be considered. 


In addition to presenting capacitive loads, some 
microprocessors and co-processors require minimum 
peak clock amplitudes of 3.5 Volts or greater along 
with a minimum dwell time at a specified voltage level. 


While each output driver of the SC35XX has been 
designed to handle a wide frequency-voltage-load 
range, they have also been designed to allow the 
parallel application of two (or more) adjacent drivers to 
a common load. By connecting two adjacent drivers 
to a common load, such as a microprocessors or 
co-processor, the user reduces the effective output 
series termination by half, while doubling the available 
peak and static output current that can be supplied to 
that load. 
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RESET CONTROL 


The Reset contro! input is shifted into the control of 
the binary counter to provide both proper sequential 
count out clearing and rising edge synchronous restart 
of the clock outputs. Refer to “Reset to Output Timing” 
Figure, below. 


The reset function is delayed by four or five falling 
input clocks in its effect upon the outputs in 
deasserting (HIGH). Reset has an assertion (low) 
window of seven clocks plus a delay of four clocks 
minimum to provide count down clearing, refer to 
Reset Timing Figure. The aggregate delay of reset 
assertion is the 3-clock reset shift register, plus the 0 
to 7 clock counter count-out window, plus the single 
clock at the output resync flip flop. This total is, 
therefore, 4 to 11, 2F clocks. 


The user may choose to implement a gross delayed 
“power up reset” by withholding clock outputs. This 
can be obtained by applying an external capacitor 
between the RESET pin and ground. The input pin 
provides a ~20K Ohm pull up resistor to +5.0 Volts. 


Reset To Output Timing 


Input (2F) 


NOTE: The above reset timing control applies to: 
SC3500, SC3506, SC3507, SC3508, SC3517, 
SC3518, SC3528 and SC3529. If multiple outputs of 
SC35XX are to be reset resynchronized by a common 
RESET input to all, set up and hold times of RESET 
with respect _to input clock of 3 ns must be 
accommodated. 


USE OF MULTIPLE CLOCK CHIPS INA 
SYSTEM 


Many applications require greater than 20 clock 
outputs, where the use of multiple SC35XX’s would be 
advantageous. The loads that receive these clocks 
may all reside on a large PC Board, or they may be 
distributed across a number of PC Boards 
interconnected via a backplane. 


To effectively distribute these clocks requires the user 
to give some consideration to the strategy for 
distributing the SC35XX Primary input clock. The 
objective is to get a minimal skew, Primary clock 
distributed to each SC35XX. 


012345 61 2 3 


RESET ASSERTION WINDOW Tsu 
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CLOCK DRIVER 


Remember that the SC35XX provides the option of 
two different types of Primary clock inputs. For 
Primary inputs over short distances and at Primary 
frequencies of 50 MHz or less the single rail TTL input 
may be used. For “longer” distances and backplanes 
or where the Primary frequencies exceed 50 MHz 
AMCC recommends that the user consider utilizing 
the “PECL” (Positive referenced 100K ECL input). In 
either case a single +5V power supply is the only 
power supply required. 


The diagrams below and on the following page 
summarize these recommendations. 


The High Speed PECL distribution scheme utilizes the 
Motorola MC100E111(Differential, 1:9, 50ps Skew, 
ECL Driver) fed from the Crystal Oscillator (XCO). 
This primary fanout driver requires a pair of 240 Ohm 
pull down resistors to ground at its input pins. All of 
the output pairs should be source terminated by a 40 
Ohm resistor in series and a 240 Ohm pull down (to 
ground) resistor at both legs of the differential PECL 
output. The differential primary fan branches should 
be of equal length when routed to the receiving 
SC35XX. 


Alternatively, the PECL backplane signal pairs can be 
shunt (load) terminated at each SC35XX input by a 
thevenin equivalent 50-70 Ohm resistor to +3V. As an 
example, a 100 Ohm resistor to +5V and a 
complement 150 Ohm resistor to ground is equivalent 
to 60 Ohms to +38V. 


There are two main advantages to these schemes: 
1. Minimal Noise Generation 


The high speed PECL signals are limited to 0.8V in 
peak amplitude, limiting the potential effects that they 
might have on surrounding TTL signals. Furthermore, 
by running these signals, in pairs with opposing 
(complementary) signals the crosstalk they might 
generate into surrounding TTL signals is mostly 
cancelled. 


2. High Noise Immunity 


The surrounding TTL swings have somewhat slower 
rise and fall edge rates than the PECL signals. 
Since the PECL signals are differentially received at 
the SC35XX (as well as 40 ohm terminated at the 
source) the TTL noise will appear in equal phase 
and equal amplitude on each of the differential 
signals. The SC35XX will reject this common mode 
noise at it’s receiver, providing excellent noise 
immunity. 


The Low Speed TTL distribution scheme utilizes the 
$C3508 (TTL 1:20 Driver) fed from the crystal 
oscillator. As you would guess, good TTL termination 
techniques should be followed. This includes avoiding 
“daisy chaining” or “branching” of the Clock Fans 


(greater than 1" to 2"). 


Basic Primary to Secondary Clock Fan-Out Tree 


1 to 9 or 20 
Primary 
Fanout 
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SC35XX 
Secondary 
Fanout 


Secondary 
Fanout 


Fanout 
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A Low Speed, TTL Primary Clock Fan-Out Path To The SC35XX 


$C3508 SC35XX 


As 1:20 TT TTL Backplane Clock (2F) Secondary 
: | Fan Out Fanout 


240 ohms 


NOTE: A SC3508 primary to SC3508 secondary fanout is not recommended, due to the potential pulse width shrinkage 
of a 1X single ended output feeding a second 1X driver without reshaping. 


A High Speed Series Terminated PECL Primary Clock Fan-Out Path To The SC35XX 


OTOROLA 
C100E111 
1:9 Diff. 


FanOut 
@ 


Ground 

NOTE: Source resistor pairs may be implemented with discrete Example: 
resistors, resistor packs of 240 Ohms and 40 Ohms each 40 Ohms 
or custom packs of combined 240 and 40 Ohms for each in 
signal through the pack. 


Alternate PECL Primary Fanout Path To SC35XX With Shunt (Load) Termination At 
Each SC35XX Input Pair 


‘3. 
MOTOROLA SC35XX 


Differential PECL MC100E111 Backplane Clock pair PECL 
1:9 Diff. ———— INPUTS 


Ground 
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SUMMARY 


The SC35XX greatly simplifies the task associated 
with distributing high performance clocks within today’s 
systems. It accomplishes this by reducing the 
variables that the designer must contend with to these 
basic issues: 


1) Keep each clock driver’s loading light (SC35XX’s 10 
or 20-clock outputs allows one load per clock output 
typically); 


2) Balance the total load equally among all drivers as 
closely as possible; 


3) Keep clock trace lengths equal (Use serpentine 
traces to make all clock traces of equal length); 


4) Be aware of and manage CV°F power dissipation in 
the SC35XX. Where possible make clock traces 
Zo=70 or 100 Ohms for minimal power dissipation; 


5) High capacitive loads at high frequencies can be 
supported by paralleling two adjacent SC35XX 
outputs; 


6) Be generous with switching noise decoupling 
capacitors at the two or four sides of the SC35XX 
drivers, between the +Vcc and ground planes. AMCC 
recommends a pair of 0.1uF ceramic and 5.0uF 
tantalum capacitors at each or opposing sides of the 
SC35XX package. 
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Crystal Controlled Oscillator Suppliers 


MONITOR PRODUCTS, Oceanside, CA 619-433-4510 
CTS, KNIGHTS DIVISION, Sandwich, IL 815-786-841 1 
ECLIPTEK, Fountain Valley, CA 714-963-4009 
SARONIX, Palo Alto, CA 800-227-8974 
STANDARD CRYSTAL, El Monte, CA 800-423-4578 
CONNOR-WINFIELD, Aurora, IL 708-851-4722 
ANDERSON ELECTRIC, Holidaysburg, PA 814-695-4428 
CHAMPION TECHNOLOGIES, Franklin Park, IL 708-451-1000 
APPENDIX-B 


P.C. Board Transmission Line Equations 


The characteristic impedance and propagation delay for printed circuit board traces are functions of the board 
material, physical board layout and board topology. Please refer to Figure 1 for referenced dimensions. 


The following calculations assume G-10 glass-epoxy board material with an Er = 4.7: 


CHARACTERISTIC IMPEDANCE 
Zo = (Lo/Co) “4 

PROPAGATION DELAY 

Tpd = (Lo*Co)'? pS/inch, if units are in inches 

MICROSTRIP TECHNOLOGY 

Zo = 35.2Ln[(6*h)/(0.8*wt)] 

STRIPLINE TECHNOLOGY 


Zo = 27.7*Ln[(1.9*b)/(0.8*w+t)] 
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Spice Simulation of Output Waveforms 
Modeled Frequency - 80MHz 


(X-Axis is in ns) 


10 pF Load with 10° of Trace (Zo=50Q) 
Single Driver 


CONN: L1OpF @ 10° Sebus 6/29/91 


Hl 
TT TE eT 
ile Rae Ree ee 


20 pF Load with 10" of Trace (Zo=50Q) 


Single Driver 


CONN: 2OpF @ 10° SeOhus 8/29/91 
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Sie iei aie 
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ee Se eee 


A A AE 
S| ee (ee ak ee a a 
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20 pF Load with 10" of Trace (Zo=70Q) 40 pF Load with 6" of Trace (Zo=50Q) 


Single Driver Two Drivers in Parallel 

— CONN: 2OpF @ 10" 7OOhms 8/29/91 ; SONEz 40pF © 6° GSoChas,Twe |] Brivers, 8/29/91 
w 4.5 Pet tT | tt tt te wo 4. 
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fae se (eC eS Pe ee 
0 10 20 %30 40 %§6 €0 70 80 96 100 0 10 20 30 40 §0 60 
Hi Time=6.203n8, Duty Cycle*51.69% Hi Time=6.208nS, Duty Cycle=51.73% 
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APPENDIX-C 
Spice Simulation of Output Waveforms 
Modeled Frequency - 66MHz 


(X-Axis is in ns) 


10 pF Load with 6" of Trace (Zo=70Q) 10 pF Load with 10" of Trace (Zo=50Q) 
Single Driver Single Driver 
GORE: LOpF 0 6" 70Ghms 8/29/91 GCONNz L1OpF @ 10° SOGhus 6/29/91 

§.0 §.0 
> 4.5 ee 
Si ese ee ee =e 
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aro ae ee ae ik | a a = ave 
sh an 
ww 1.5 Py 1.5 
: 1.0 = 1.0 
2 0.5 2 0.5 
“ 0.0 - 0.0 
= 0.5 = -0.5 
-1.0 1.0 

Hi Time=7.322n8, Duty Cycle248.815% Mi Time=7.351n8, Dety Cycle=48.00% 

20 pF Load with 10° of Trace (Zo=70Q) 40 pF Load with 6" of Trace (Zo=50Q) 

Single Driver Two Drivers in Parallel 
eA CONMz 2OpF @ 10° 7e0hus 0/29/91 , GORNz GOpF © 6° SOOhms 6/29/91 
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Hi Times7.605n8, Duty Cycle=50.70% Hi Timee7.919n8, Duty Cycle+52.79% 


Applied Micro Circuits Corporation se 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 Page 7-13 


APPLICATION NOTE #1 


Rise =0.798nS/V¥, Fall=0.918nS/¥ 
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Spice Simulation of Output Waveforms 


Modeled Frequency - 50MHz 


20 pF Load with 10" of Trace (Zo=50Q) 


40 pF Load with 10° of Trace (Zo=50Q) 
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Single Driver 


SONHz 20pF @ 10° S@Ohus 8/29/91 


ld 


Single Driver 


SONRz 4OpF @ 10° GOOhms 8/29/91 


Hf Timeel0.720n8, Duty Cycle=53.60% 


(X-Axis is in ns) 


Rise "0.780nS/¥, Fall=eO0.798nS/¥ 
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Hi Time=10.179nS, Duty Cycle=50.895% 
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20 pF Load with 10° of Trace (Zo=70Q) 


Single Driver 


SONH2 20pF @ 10" 700bms 8/29/91 


\ 
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40 pF Load with 6" of Trace (Zo=50Q) 
Two Drivers in Parallel 


SONNZ GOpF @ 6" SOOhms 6/29/91 
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Hi Time=10.599nS, Duty Cycle=53.00% 
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Spice Simulation of Output Waveforms 
Modeled Frequency - 40MHz 


(X-Axis is in ns) 


20 pF Load with 6" of Trace (Zo=70Q) 20 pF Load with 10° of Trace (Zo=50Q) 
Single Driver Single Driver 


AQCHH: 20pF @ 6° 7FOOhms 8/29/91 AOUHz 2OpF @ 10° SCObms 8/29/91 
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APPENDIX-C 
Spice Simulation of Output Waveforms 
Modeled Frequency - 33MHz 


(X-Axis is in ns) 


20 pF Load with 6" of Trace (Zo=50Q) 20 pF Load with 10" of Trace (Zo=50Q) 
Single Driver Single Driver 


33HNz 2epF 0 6° SOOhms 8/29/91 


Rise *0.816nS/¥, Fall=0.898aS/¥ 


Rise -0.815nS/¥, Fall=0.825n8/¥ 
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INTRODUCTION 


As today’s personal computers (PC) and systems 
push into the 50Mhz reaim and beyond, the 
minimization of system clock skew becomes more 
important. Clock skew eats into the effective clock 
period that is available to perform other tasks. Using 
generic driver chips and careful board layout, current 
systems can achieve about 4ns of system clock skew. 
A 4ns clock skew at 25Mhz is 10% of the clock period, 
while at 66Mhz this same 4ns skew eats up 26% of 
the system clock period. At 50Mhz and higher, the 
allowable clock skew is approximately 2ns - 3ns. 
Clearly this requires a new method of clock generation 
and distribution. 


The key to the reduction of clock skew lies in the 
development of PLL clock generators, low skew clock 
drivers, and understanding how to distribute and route 
the clock signals. 


The $4402/S4403 use AMCC’s 1.0 micron BiCMOS 
technology to generate 10 - 80Mhz multiphase TTL 
clocks with less than +/-200ps of skew. The $4402 
offers 6 output drivers, four at the primary output 
frequency, one at two times the primary frequency, 
and one at half the primary frequency. The $4403 
offers 10 output drivers: four pairs at the primary 


$4402/03 Boundary 


REFCLK 


APPLICATION NOTE #2 


output frequency, one at twice the primary frequency, 
and one at half the primary frequency. 


The phase relationships between the outputs are 
programmable. Four different output configurations 
are available to provide synchronous outputs, 
quadrature phase delay outputs, minimum phase 
delay outputs, and a mixture of minimum and 
quadrature phase delay outputs. 


The times-two output and the half frequency output, 
allow the S4402/03 to multiply and divide the 
reference clock input for distribution to the system 
clock loads. This feature is very useful to eliminate 
the EMI problems of distributing high frequency clocks 
across the entire system. 


PLL CLOCK GENERATOR OVERVIEW 


The basic concepts of phase-locked loops are fairly 
simple. The diagram in Figure 1 shows the 
fundamental blocks of the S4402/03 PLL. The task of 
the PLL is to minimize the frequency and phase 
differences between the reference clock input 
(REFCLK) and the feedback clock input (FBCLK). In 
this case, the PLL clock generator can be considered 
a “zero delay” clock buffer. 


FILTER 


Charge Voltage 
Pump Controlled 
Oscillator 


160-320 MHz 


Divide 
by 
4/8/16 


Figure 1 - Phase-Locked Loop of S4402/03 
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The Phase Frequency Detector (PFD) compares the 
reference and feedback clocks and provides a signal 
to the Charge Pump (CP) that tells the charge pump 
to increase or decrease the voltage into the Voltage 
Controlled Oscillator (VCO). This in turn increases or 
decreases the oscillator frequency, thereby changing 
the frequency or phase of the feedback clock. 


The CP converts the digital signals from the PFD into 
a change in voltage at the external filter pin. This 
change in voltage is supplied to the VCO input. The 
CP can provide very small changes in the VCO 
control voltage that will modify the phase of the VCO 
output, or it can provide larger changes in the control 
voltage to change the VCO frequency. 


The VCO simply responds to the control voltage at its 
input and generates an output clock frequency which 
is proportional to the voitage at its input. This high 
frequency clock signal goes into the internal logic of 
the S4402/03 and is divided by four, eight, or sixteen 
before appearing at the various chip outputs. 


By selecting one of the S4402/03 outputs as the 
feedback clock, the loop is closed, and the internal 
PLL will try to make the rising edge of the output 
connected to the feedback input line up with the rising 
edge of the reference clock input. Due to the closed 
loop nature of this action, delays between the 
reference clock output and the subsequent arrival of 
the feedback clock input can occur without causing 
the chip to lose lock. Therefore, an external buffer 
can be introduced into the loop, and an output from 
the buffer fed back to the feedback input. This 
provides a simple means of increasing the output 
drive capability of the S4402. Another option is to 
introduce an external counter into the loop, and 
connect an output from the counter into the feedback 
input. This allows the S4402/03 to accept a lower 
reference clock frequency. 


The two most important specifications for PLL clock 
generators are phase error and output skew. 


Phase error is defined as the delay between the reference 
input and the feedback input when the chip is locked. 

When an output is used to drive the feedback input, the 
phase error can also be specified as a propagation delay. 
The S4402/03 clock generators have a maximum phase 
error (across all temperatures, supply voltages, and 
frequencies) of 1.0ns. On a given chip there will be less 
than 1.0ns of delay between the REFCLK input and the 
FBCLK input. Furthermore, at a given frequency, 


Page 7-18 


PLL CLOCK GENERATOR 


temperature, and supply voltage, the maximum variation 
in phase error across all parts is less than 750ps. Plus, at 
a given frequency, the maximum variation in phase error 
across all parts, is less than 1.25ns, over any temperature 
and supply voltage difference. These are important 
specifications in determining total system clock skew. 


Output skew is defined as the delay between 
synchronous outputs. The S4402/03 clock generators 
have a maximum output skew of +/- 200ps. This 
means that with equal loading, all the rising outputs 
will switch within 400ps of each other. 


CLOCK DISTRIBUTION ON A BOARD 


The first few system clock skew examples are based 
upon the idea that all the clock loads are located 
within a single board. 


The simplest configurations are that of a single 
$4402/03 or of multiple S4402/03s in parallel being 
driven from a single reference source. In Figure 2 the 
clock generators C1 and C2 are driven from the same 
crystal oscillator output. The clock skew associated 
with a single clock generator, such as C1 by itself, is 
simply the output skew specification of 400ps (+/- 
200ps max.). 


$4402/03 


REFCLK 
FBCLK 
ik C1 a 


6-20 Outputs 
$4402/03 


REFCLK 


Figure 2 - Clock Distribution on a Board 


In the case where the output from the crystal oscillator 
drives no additional chips on the board, except the 
clock generators, the total clock skew across all the 
$4402/03s can be calculated as: 
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$4402/03 


REFCLK 


AIMEG 
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10 outputs at 66MHz 
and 
10 outputs at 33MHz 


Figure 3 - Clock Distribution on a Board: S4402 with an SC3506 


Totalskew = Tpev+Tskew 
= 750ps + 400ps 
Totalskew = 1.150ns (max.) 
where, 
Tpev = _ the maximum variation in phase error 


across all parts at a given frequency, 
temperature, and supply voltage. 


Tskew 


the maximum output skew on any part. 


In this first example, the total clock skew across C1 
and C2 depends upon the phase error and the output 
skew of each chip. Rather than use the total range of 
phase error for all possible frequencies, temperatures, 


$4402/03 


REFCLK 


XTAL 


FBCLK 


Motherboard 


and supply voltages, this configuration allows the use 
of the chip to chip variation in phase error. This is 
possible because the clock generators will be placed 
close to the crystal oscillator, and therefore 
experience the same temperature and power supply 
environment. 


The second example, in Figure 3, shows the use of an 
$4402 clock generator to multiply the 33Mhz crystal 
oscillator output up to 66Mhz before applying it to the 
input of the SC3506 clock driver. This is 
accomplished by feeding back one of the 
divide-by-two outputs of the SC3506 to the FBCLK 
input of the S4402/03. This configuration allows the 
use of a slower crystal oscillator to generate 10 
outputs at 66Mhz and 10 outputs at 33Mhz. 


aaneNe Module or Board 


Figure 4 - Clock Distribution Between Boards 
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Because the output of the SC3506 is fed back to the 
_FBCLK input of the $4402, the delay through the 

$C3506 is not important in the calculation of the total 
output clock skew. The total output clock skew is 
determined solely by the output skew specification of 
the SC3506, and is therefore, less than 500ps (max.) 
for the SC3506-1. 


CLOCK DISTRIBUTION BETWEEN 
BOARDS 


Most systems do not consist of a single board 
containing all the computing, memory, I/O, and display 
functions. A typical system configuration would likely 
have a central board that ties the system together (the 
motherboard), and a series of additional modules or 
expansion boards, that allow the user to update and 
upgrade the system. 


Ideally, the master clock needs to be distributed to the 
synchronous logic on the motherboard, and each of 
the expansion boards, with no skew. 


Figure 4 shows a configuration using an S4402/03 to 
distribute the master clock to the motherboard and the 
expansion boards. On each board or module, the 
master clock copy is received by another S4402/03, 
and distributed to the rest of the board. 


The maximum clock skew between the motherboard 
clocks (outputs of C1) and the module clocks (outputs 
of C2 and C3) can be calculated as: 

Ci-to-C2 skew = Tskew(C1) 
+ Tpemax(C2) 
+ Tskew(C2) 


= 400ps 
+ 1.0ns 
+ 400ps 


C1-to-C2 skew 


1.80ns (max.), 
where, 


Tpemax(C2) 
value 


the maximum absolute 
of phase error for C2. 


Tskew(C1 or C2) 


the maximum output skew 
for each chip. 
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The total system skew will be determined by the 
maximum skew across all the modules. This total 
system skew can be calculated, using the results of 
the C1-to-C2 skew calculation, as: 


Total skew C1-to-C2skew(max.) 


- C1-to-C3skew(max.) 


=  1.80ns 
- C1-to-C3skew(max.) 


C1-to-C3skew 


Tpevimin(C3) 
+ Tskew(C3) 


= [Tpemax(C3) 
- Tpevt] 
+ Tskew(C3) 


= [1.0ns - 1.25ns] 
+ -400ps 


C1-to-C3skew -650ps (max.) 


Total skew = 1.80ns- [-650ps] 

Total skew =  2.45ns (max.) 

where, 

Tpevf = the maximum chip to chip 
variation in phase error ata 
given frequency, across all 
temperatures and supply 
voltages. 

Tpevfmin(C3) = the most negative phase error 


of C3 versus C2, based upon 
a Tpevf variation between 
C2 and C3. 


In this calculation, the objective is to determine the 
widest variation in output skew between the C2 and 
C3 clock generators. The calculations make use of 
the fact that at a given frequency, but with unequal 
temperatures and supply voltages, the maximum 
variation in phase error between any two parts is less 
than 1.25ns. This specification is used to make the 
maximum skew variation of C3 versus C1 be -650ps, 
when the maximum skew variation of C2 versus C1 is 
1.80ns. With this, the maximum size of the output 
switching window around C1 is equal to 2.45ns. 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


PLL CLOCK GENERATOR 


AIMCe 


APPLICATION NOTE #2 


5-9 Outputs 
at 66 MHz 


1 output at 33 MHz 


} 1 Output at 66 MHz 
4-8 Outputs at 33 MHz 


Figure 5 - Clock Dividing and Multiplication for Distribution Between Boards 


Figure 5 shows the use of the S4402/03 as a clock 
multiplier and divider in a board to board clock 
distribution scheme. In this example, the 
motherboard clock generator, C1, is used to 
distribute multiple copies of the crystal oscillator 
frequency of 33Mhz. These 33Mhz outputs are 
routed point to point down the backplane to each of 
the expansion boards or modules. In this manner, it 
is possible to route slower frequency outputs on the 
backplane, and reduce the crosstalk, signal noise, 
and EMI problems. 


The $4402/03 chip on each module can be 
programmed to multiply the 33Mhz backplane clock 
signal to its previous 66Mhz value, or it can create a 
set of 83Mhz clock outputs. With this technique, each 
module or board can be selectively operated at the 
crystal oscillator frequency, 2X that frequency, or 1/2 
the oscillator frequency. 


In this application, the total system clock skew is also 
2.45ns. The calculation of system clock skew in this 
example is the same as that for the previous example. 


Figure 6 shows a special application of the S$4402/03. 
In this application, data is to be synchronously 
transferred between boards in the system. The 
difficulty arises from the fact that in a system, the data 
delay from one board to the next varies depending 
upon location. This delay uncertainty, and the total 


system clock skew, combine to make the job of 


providing sufficient hold time, at the input register on 
each board, a difficult task. 
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For this example, assume the system reference clock 
on each board is generated by an S4402/03 that is 
located in a central location, typically the motherboard. 
From a previous example (Figure 5), this gives a total 
system clock skew of 2.45ns. 


Based upon this 2.45ns clock skew, a scenario can be 
drawn in which the data that is clocked out from one 
board reaches its neighbor before the neighboring 
card has stored the previous data into the input 
register with sufficient hold time. A solution to this 
problem is to delay the time at which data is clocked 
out of all the boards. 


In this solution, the data is clocked into each input 
register, on a clock edge that is synchronous with the 
system reference clock. A short time later (3-6ns), 
new data is clocked out onto the backplane data bus. 
This will provide sufficient hold time at each board, 
provided that the delay between the two register 
clocks is at least equal to the system clock skew plus 
the hold time of the input register. 


The example in Figure 6 uses registers with a hold 
specification between 0.5ns and 1.3ns. Based on 
these values, the delay between the register clocks on 
each board must be at least 2.95ns to 3.75ns. In the 
minimum phase mode of operation, the S4402/03 can 
be configured to provide 3.75ns delays between 
output clocks at 33Mhz, and is an ideal solution for 
this problem. FOUTO is synchronous to the system 
reference clock, and is used to clock the input 
registers R1 and R3. FOUT1 is delayed from FOUTO 
by 3.75ns, and is used to clock the output registers R2 
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Figure 6 - Data Distribution Between Boards 


and R4. If additional delay is necessary, FOUT2 
could replace FOUT1, and provide 7.5ns of delay 
between FOUTO and FOUT2. 


ASIC DESKEWING 


In systems where there are multiple ASICs sharing a 
common synchronous bus, great care must be taken 
to ensure that data transfers on the bus can happen 
as rapidly as possible. Each ASIC must be simulated 
to ensure that it’s data setup, hold, and clock to data 
output times will work with each of the other chips. 
The designer must assume that each of the ASICs 
could be operating at any point on its performance 
curve; therefore, the propagation delays, setup, and 
hold times are increased to compensate for the 
variability of each of the ASICs. These increased 
specifications for each ASIC reduce the maximum 
attainable performance of the data bus by consuming 
a portion of the bus cycle time. 


Figure 7 demonstrates a couple of ways to reduce the 
uncertainty of each ASIC’s performance. In this 
figure, an S4402/03 is used to ensure that the output 
transitions of each ASIC occur synchronously to the 
system clock. If all the output transitions on the data 
bus occur at the same point in time, then the setup 
times for each ASIC can be minimized. With the clock 
to data output delays effectively reduced to zero, and 
the setup and hold times minimized, the available bus 
bandwidth is increased and data traffic can flow at a 
higher rate. 
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In the upper half, C1 takes a 25Mhz master clock and 
generates a 50Mhz clock for the ASIC A1. This 
50Mhz clock is buffered through the ASIC’s internal 
clock buffer tree, before clocking a divide by two 
output flip flop. This 25Mhz output clock is fed back to 
the S4402/03 chip and the rising edge of this signal is 
aligned to the rising edge of the 25Mhz master clock. 


In the lower half, C2 takes the 25Mhz master clock 
and generates two 25Mhz outputs that are in 
quadrature (90 degrees out of phase with each other). 


CLOCK TREE 
BUFFER 


Figure 7 - ASIC Deskewing 
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These 25MHz clocks are exclusive OR’ed inside the 
ASIC to create the 50MHz internal clock for the 
ASIC. This 50MHz internal clock is again buffered in 
the same way as the rest of the ASIC clocks, and 
then divided by two at the same output, and aligned 
with the 25MHz master clock. 


For these two schemes to work correctly, the de- 
signer must do three things. The ASIC internal clock 
buffering must be matched. In other words, the de- 
lay from the point at which the buffer tree begins to 
expand sideways, to the point at which the clocks 
arrive at the clock input to the output flip flops, must 
be equal. The output flip flop macros and the delay 
from the flip flop output to the external pins, must 
also be equal. And the interconnect length between 
the ASICs and the $4402/03s must be minimized 
and equal. 


GENERAL GUIDELINES FOR CLOCK 
DISTRIBUTION 


For all of the examples described previously, there 
are a number of general design guidelines that need 
to be applied in order to achieve the best perfor- 
mance. These guidelines are: 


1. Clock traces need to have equal lengths and 
impedance. 


2. The clock traces must be treated as transmis- 
sion lines, and therefore use controlled imped- 
ance traces. 
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3. The clock signal termination strategy must be 
decided early. Series termination will reduce 
the termination power requirement, but the 
loads must be clustered at the end of the clock 
line (<2" stubs). 


4. Clock signal capacitive loads must be equal. 


5. Do not heavily load the clock output drivers. 
With heavy loads, two outputs can be paral- 
leled to increase the drive capability. 


6. Clocks distributed across backplanes should 
be point to point connections. This will remove 
the transit time skew introduced as the signal 
propagates down the backplane past each 
board. 


7. Be generous with decoupling capacitors. 
Each power and ground pin of the generators 
and drivers should be decoupled with 0.1uF 
ceramic chip capacitors. 


SUMMARY 


As shown, with careful design of the clocking 
scheme for a synchronous system, and the correct 
choice of clock generators and drivers, it is possible 
to reduce the system clock skew down to 0.4ns to 
2.45ns. 


The S4402/03 clock generator chips provide the 
user with the option to tackle the clock distribution 
problem in many different ways. The controlled out- 
put skew of less than 400ps, and the ability to gener- 
ate clocks at frequencies up to 80Mhz, make the 
$4402 and S4403 the ideal choice for today’s high 
performance systems. 
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Clock Design in Intel Pentium™ 
Processor Systems 
using the $C3508 


M.K. Williams 
Owner/Principal Consultant 
Amherst Systems Associates 


Te INTRODUCTION 


The Pentium processor is the latest, high-perfor- 
mance entry in the X86 microprocessor family 
from Intel. There are 60- and 66-MHz versions. 
It operates on 64-bit data in two instruction pipe- 
lines with instruction prefetching and branch pre- 


diction. There is also on-board floating-point | 


processing, as well as sophisticated data and 
instruction caching. These are all structural ele- 
ments that, until very recently, were found exclu- 
sively in main-frame and supercomputer 
designs. 


At the hardware level, Pentium designs also have 
a good deal in common with larger computer sys- 
tem designs. For example, the tighter timing mar- 
gins and the higher clock and edge speeds of 
Pentium designs dictate the careful application of 
high-speed digital design methods. This includes 
employing design methods which preserve the fi- 
delity of the clock pulse and effectively manage 
the tolerances present in the circuitry which distrib- 
utes or receives the system clock. 


Figure 1. 
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The purpose of this application note is to clearly 
illustrate an approach to the design of the sys- 
tem clock for the Pentium using the AMCC 
SC3508. We will methodically work through a 
simple but representative example. In doing so, 
we will identify the important design decisions 
encountered in the design of a correctly timed 
system, and show methods for resolving them. 


A Word About Specifications 


In this document, we make use of a number of 
Pentium specifications. The reader is cautioned 
to verify any specifications with Intel prior to ap- 
plying them, since they are all subject to 
change. It is also the responsibility of the de- 
signer to exercise sound engineering judgment 
to determine the suitability of how any particular 
specification or method is to be employed in his 
design. 


2. DETERMINING YOUR DESIGN 
REQUIREMENTS 


The first step in specifying the design of the 
clock for a Pentium, or any other system, is to 
clearly define what the design requirements are. 
Some of these will come from Intel specifica- 
tions while others will be determined by aspects 
of the design, such as critical delay paths. In this 
section, we present some background on the 


Memory-Bus 
Controller and 
DRAM Array 
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mechanisms we are trying to manage and how 
to quantify the impact of those mechanisms on 
the design. 


2.1. Timing-Environment Design: 
Fundamentals 


The fundamental goal for any timing environ- 
ment design is the specification of a statistically 
Stable design. That is, it is assumed that the 
elements from which each system will be as- 
sembled will have some statistical distribution on 
their characteristic parameters (in our case, de- 
lay). Since many copies of the design will be 
fabricated, we must employ design methods 
which recognize this tolerancing and which en- 
sure that every clock signal in each machine 
built arrives within the time interval predicted at 
design-time. 


2.1.1. Basic Requirement on 
Clock-Arrival Time 


We will use Figure 2, which shows a critical 
path, to illustrate the tolerancing effects we are 
concerned with controlling. Given that the two 
clock paths are built from components which 
have some statistical delay distribution, we can 
describe two pathological situations: 


1. Clock-path 1 is slower than anticipated 
2. Clock-path 2 is faster than anticipated 


For the first case, FF1 is clocked late causing 
the data to arrive at FF2 after FF2 samples its 
input. The result is that the data is missed or the 
flip-flop enters a metastable state. The second 
case results in an equivalent situation by again 
clocking FF2 early relative to the arriving data. 
We can see from this simple example that any 
mechanism which causes the delay of a clock 


Figure 2. 
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path to vary by more than the designer antici- 
pated can result in a failure. Notice that it is 
delay variation, rather than the magnitude of the 
delay that results in timing failures. 


2.1.2. Basic Clock-Tolerancing Mechanisms 


As we just saw, we must manage anything 
which can result in unequal or inconsistent ar- 
rival times of the clock at the load. This equates 
to two important design tasks: 


1. Precisely balance the mean delay along every 
path from the clock generator to the clock 
loads. 


2. Anticipate and manage those mechanisms 
which tend to alter the delay along these 
paths. 


The merit of balanced mean delays for all clock 
paths is illustrated by Figure 3. Since the worst- 
case tolerance is computed from the earliest 
and latest arrivals, balancing the mean delays 
moderates the impact of any statistical delay 
variations. 


We will use Figure 4 to illustrate the various 
tolerancing mechanisms we are attempting to 
manage. The figure shows a clock-buffer driving 
a transmission-line which terminates at some 
clock-input. This circuit is representative of a 
complete clock path for many Pentium systems 
(i.e. one-level buffering). Given Pentium speeds 
(66-MHz clock rates and fast clock edge rates), 


Figure 3. 
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Figure 4. 
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Figure 5. 
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a controlled-impedance interconnect is required. 
For this clock net, the expression for the varia- 
tion in delay along the net is: 


Tolerance = Intrinsic skew + Extrinsic skew + Jitter 


Where , 


Intrinsic Skew is the delay variation in the clock 
buffer. This is usually specified separately for 
part-to-part and pin-to-pin skew. Some clock 
buffers also specify skew within a group of 
clock-buffer outputs. Assuming a single-chip so- 
lution, we will use pin-to-pin. 


Extrinsic Skew is delay variation attributable to 
effects in the interconnect. 


Jitter is the cycle-to-cycle variation in the arrival- 
time of the clock. It is due primarily to noise in the 
power environment which, in turn, causes time- 
varying shifts in the input threshold of a device. 
The relationship between noise and edge-place- 
ment (jitter) is shown in Figure 5. For more infor- 
mation on jitter, see References 1 and 2. 
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Extrinsic skew is not a single mechanism. It is 
convenient to break it into three major compo- 
nents: 


Extrinsic skew = ATOF + ADist_Del + MT (2) 
Where, 


ATOF is the variation in the time of flight 
of an undistorted signal. This is due primarily 
to variation in line lengths, and does not in- 
clude additional delay variation attributable 
to edge degradation. This effect is ad- 
dressed by equalizing all clock net lengths to 
that of the longest clock net. 


ADist_Del is the distortion-delay variation. 
As a signal propagates, some of the high- 
end spectral content is attenuated. One 
prominent cause of this is the capacitance of 
the clock load. This results in a slower or 
degraded edge, and ultimately additional de- 
lay in reaching threshold voltage. Any varia- 
tion in edge degradation (e.g. AC, ) results in 
a variation in delay. This is ADist_Del. 


MT is the manufacturing tolerance on the 
delay. It ranges from one’s of psec/in to mid- 
10’s of psec/in. 


The expression can be rewritten as: 
Tolerance = Intskew+ ATOF+ ADist_Del 
+ MT + Jitter (3) 


From transmission-line theory, we know that the 
propagation rate of a loaded transmission-line 
is: 

Top = Tpp¥ 1+ CAL * C,) (4) 
Where, 


T., is the propagation rate of the unloaded 
transmission-line. 


C, _ is the load capacitance (may be 
distributed) 


L __is the length of the line 
C, 


And the delay (time of flight plus distortion-de- 
lay) of a loaded transmission-line is simply: 


is the intrinsic capacitance of the line 
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LT," = L*T,,V 1+ C/(L* C,) (5) 
If we know the minimum and maximum values 
for C, , we can compute the min and max delays 
for a given lossless transmission line (exclusive 
of manufacturing tolerances). 


ALT,,’=L*T,(V1+C, /(L*C,) - 
V14 C, min(L * C,) ) (6) 
And we can use the difference in these values to 
replace the second and third terms in expres- 
sion (3): 


Tolerance = Int skew + ALT,,.” +MT+Jitter (7) 


We will use this expression to compute the 
tolerancing of various “tolerance groups” later in 
the example. One very important effect to note 
is that the preceding expression implies that 
clustering loads which have non-trivial load-ca- 
pacitance variation on a single clock net will 
drive the ALT,,.” factor up and thus the overall 
tolerance. 


2.1.3. Design Flow/Approach 
There are a variety of approaches one can take: 


Clocks first - Specify in detail the clock dis- 
tribution and use resultant tolerances to 
compute delay margins on critical paths 
(Tcyc-Ttol = max Tpath). 


Critical paths first - Design critical paths 
and use the resultant maximum delays to 
compute timing margins (Tcyc-Tpath=Ttol). 


Most designers will take an approach that 
iterates between both styles, ensuring that 
both the timing and path delays are equally 
prioritized. In our example design, we are 
Starting with critical-path information to de- 
termine timing margins, and then using the 
margin information to establish constraints 
on critical-path parameters (e.g. allowable 
load-capacitance variation on external 
loads). In detail, our decision-flow is as fol- 
lows: 


1. Determine allowable tolerances in CPU 
module. 
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2. Use critical path information to determine 
allowable clock tolerance (i.e. margin) on 
external loads. 


3. From an inventory of clock loads, deter- 
mine your slowest clock path in the sys- 
tem. 


4. Starting with your tightest tolerance 
group (Pentium-82496), begin designing 
clock nets. Make each net approximately 
as long as that of the slowest path (previ- 
ous step). As you progress through other 
tolerance groups, ensure you balance 
the mean delays. 


5. From the unused margin for each group, 
develop constraints for each of the fol- 


lowing: 

e Jitter 

e Manufacturing tolerances on 
net delays 


e Load-capacitance variation 


Three-Level Tolerance Specifications 


The Pentium specification dictates tolerances 
within the CPU module at three voltage levels 
(0.8, 1.5, and 2.0V). This was most likely done 
to combine tolerance management and pulse- 
fidelity into a common specification. However, 
designing for minimum tolerancing at multiple 
voltage levels can be very difficult. For clarity, 
we will design for minimum tolerancing at 1.5V 
and employ methods which ensure good pulse 
fidelity. This will ensure that the tolerances are 
satisfied at all three levels. 


2.2. Specific Pentium System Design 
Requirements 


The degree of difficulty for any timing-environ- 
ment design is derivable from two aspects of the 
design — the number of board-level clock loads 
and the fraction of the cycle time allocated to 
clock tolerancing. Broadly speaking, a design — 
becomes challenging when the number of loads 
exceeds 10 and the total tolerancing is restricted 
to 10 to 15% of the cycle time. 
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For Pentium systems, the number of board-level 
clock loads varies according to the complexity of 
the design. For the most basic designs, the 
number of loads will be four to eight, primarily 
the Pentium processor and memory-bus control- 
ler. For very sophisticated designs (e.g. large 
server systems), with a second-level cache, as 
well as controllers for large interleaved memo- 
ries and other synchronous devices, the number 
of board-level clock loads can exceed forty or 
more. 


A typical 66-MHz design with a second-level 
cache will have 12 clock loads in the CPU mod- 
ule plus more loads for the memory bus control- 
ler (MBC) and other logic such as bus 
conversion. Therefore, depending upon how the 
MBC, etc. are implemented, a typical 66-MHz 
design will have 15 to 20 clock consumers. 


The small fraction of the period alloted for 
tolerancing qualifies Pentium designs as quite 
challenging. At 66-MHz, the cycle time is 15 
nsec. Clock tolerances within the CPU module 
are either 200 or 700 psec, and those external 
to it vary depending upon critical path delays to/ 
from devices external to the CPU module. 
Stated another way, the tolerances within the 
CPU module are 1.3% and 4.7% of the cycle 
time. 


For the rest of this section, we determine the 
various tolerances in a 66-MHz Pentium system 
with a second-level cache. The design require- 
ments are configuration-specific and best con- 
sidered in tolerance groups. 


There are very few explicit clock requirements in 
the basic Pentium specification. Only clock sta- 
bility (jitter) and pulse fidelity are specified. 


Clock Stability (Jitter) - The Pentium clock 
must have a stability of better than +/- 250 
psec. There are many metrics of frequency 
stability. While it does not explicitly state so, 
this specification refers to period-jitter. In a 
footnote to the specification, the distribution 
of the jitter in the jitter frequency spectrum 
excludes any peaking between 500kHz and 
1/3 of the clock frequency (repetition rate). 
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Pulse Fidelity - The Pentium clock signal 
operates at TTL levels. The clock waveform 
must remain at the high and low levels for a 
minimum of 4 nsec, and the transition times 
must be less than 1.5 nsec. The Pentium 
specification dictates other clock waveform pa- 
rameters beyond these. The reader is referred 
to the specification for complete information. 


2.2.2. CPU Module 


There are four possible configurations for the 
“CPU module”. They are summarized in the fol- 
lowing table. 


Clock Speed Tolerance Number of 
(MHz) Cache Size Loads 


60 or 66 1 (CPU only) 


12 
700 
| - 


Layout Considerations Within CPU Module 


There are flight-time specifications for various 
signal groups within the CPU module. For ex- 
ample: 


10 SRAM 


CPU, cache 
control, 
18 SRAM 


12 
CPU, cache 
control, 
10 SRAM 


Pentium - 82496: Only max flight times 
are specified (1.6 nsec is smallest value). 


Pentium - 82491: Min and max flight 
times are specified (1 - 2.2 nsec range 
for 66-MHz). 


These fight-times are critical, and it is likely that 
they will drive the placement of devices within 
the CPU module. That placement, in turn, will 
interact with clock tolerancing within the CPU 
module, since the distances from the clock 
driver to the clock loads determine certain 
tolerancing components. Specifically, intercon- 
nect tolerancing increases with the length of the 
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clock nets. For our example, we will use the 
configuration for the layout of the CPU module 
found in the Intel Pentium clock application note 
(Reference 8). There may be another approach 
(e.g. locating the clock driver in the center) that 
results in additional timing margin. 


Pentium-82496 Tolerance Group: 
Two Loads at 200 psec Tolerance 


This requirement is very tight and essentially un- 
heard of in microprocessor systems. To meet 


this specification, both loads must be driven by 
the same pin of clock buffer. This eliminates the 
intrinsic skew component of the tolerance. By 
locating the Pentium and 82496 clock pins close 
to each other, and moving the branching point to 
the end of the transmission line (versus stubbing 
into two lines near the clock buffer), it is possible 
to minimize the manufacturing tolerance. The 
200 psec tolerance thus splits between jitter and 
arrival time variation due to load capacitance 
variation. 


Are there two different jitter specifications for the Pentium? 


There can be some confusion in systems with 
second-level caches, since there appear to be 
two conflicting jitter specifications. This, how- 
ever, is not the case: 


The Pentium clock specification states 
that the maximum allowable instability 
(jitter) on the clock to the Pentium pro- 
cessor is +/- 250 psec. Further restric- 
tions as to how this energy can distribute 
across the jitter spectrum are also speci- 
fied in a footnote. 


When the Intel CPU-Cache chip set is 
employed, the maximum tolerance be- 
tween the clock signals driving the 
Pentium and the 82496 is limited to 200 
psec. That is, for systems with second 
level-caches, the sum of the skew and 
the jitter between the clock signals driv- 
ing the cache controller and the Pentium 
must be less than 200 psec. 


Actually, there is no conflict in these specifica- 
tions once you determine what they represent. 
The former jitter specification (+/- 250 psec) is 
established by the timing requirements of seg- 
ments 100% internal to the Pentium. Any dis- 
placements larger than 250 psec run the risk of 
an internal Pentium timing failure. Furthermore, 
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the requirements on the jitter spectrum are in 
place to prevent stimulating the resonant fre- 
quency of the loop filter in the internal PLL clock 
receiver. When jitter causes the PLL loop-filter 
to resonate, the signal out of the PLL (i.e. the 
internal clock) has more jitter on it than the sig- 
nal driving into the PLL (i.e. the Pentium clock 
input), and is possibly larger than acceptable. 


The latter specification (200 psec) governs the 
timing of segments between the Pentium and 
the 82496. When that specification is violated, 
timing failure on one of the paths which span 
both chips is likely. 


How do you use this information? 


In systems without second-level caching, the lat- 
ter specification(200 psec) does not apply. As- 
suming there is sufficient margin on all paths 
external to the Pentium, system jitter must be 
less than +/- 250 psec and distributed in the jitter 
spectrum as specified in the footnote. 


In systems with second-level caching, the 200 
psec specification sets the upper limit on the 
jitter amplitude (jitter < 200 psec - Pentium/ 
82496 skew). Furthermore, the jitter must dis- 
tribute through the jitter spectrum as specified in 
the Pentium clock specification. 
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Pentium-82491 & 82496-82491 Tolerance 
Groups: 10 SRAM (+2) Loads at 700 psec 
Tolerance 


This group has many more clock loads, which 
necessitates driving the group by more than one 
pin of the clock buffer. Much of the margin ob- 
tained by increasing the tolerance specification 
to 700 psec is absorbed by the increased intrin- 
sic skew. There will also be a more significant 
manufacturing tolerance contribution, since the 
SRAMs are more widely dispersed on the board 
and there will be more inches of interconnect in 
the clock nets that drive them. 


Since we are forced to increase the intrinsic 
skew term of the total tolerance in this group, we 
want to use a point-to-point scheme (1 load/net). 
This reduces the range of load-capacitance 
variation and minimizes the ALT,,,,’. 


2.2.3. External Tolerance Groups 


There will also be clock consumers external to 
the CPU module. In more complex Pentium de- 
signs, the number of loads in the external toler- 
ance group can be several times the number of 
loads within the CPU module. The primary ex- 
ternal clock loading will be in the memory bus 
controller (MBC). The tolerance requirements of 
this group will be dictated by the critical paths in 
this part of the design. Shortly, we will provide a 
simple example of computing that tolerance. 


The majority of logic external to the CPU module 
is treated as memory. From a timing perspec- 
tive, there are three distinct ways in which sys- 
tem memory can be configured: 


1. Fully Synchronous 
2. Divided Synchronous 
3. Asynchronous 
This impacts the clock as follows: 


Fully synchronous systems: All clock in- 
puts driven at 66-MHz 


Divided-synchronous systems: All clock 
inputs in CPU module driven at 66-MHz, the 
memory-bus controller driven by both 66- 
and 33-MHz clocks, and all external devices 
driven by a 33-MHz clock. 
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Asynchronous systems: The CPU module 
and part of the MBC driven by 66-MHz 
clocks. A second, relatively-asynchronous 
clock (generated elsewhere in the system) 
drives part of the MBC and all external de- 
vices. 


3. DESIGN EXAMPLE 


3.1. Configuration 


Our example system will be a fully synchronous 
66-MHz system with a 256k second-level cache. 
It will use the Intel 82496 Cache Controller and 
82491 Cache SRAMs. This configuration em- 
bodies many of the most challenging aspects of 
a Pentium clock design — the extremely tight 
tolerancing of the clocks within the CPU module, 
non-trivial load-capacitance variation, and deter- 
mination of critical paths external to the CPU 
module. Furthermore, it will be extended to ad- 
dress other important design decisions — dual- 
frequency clocking and larger numbers of clock 
loads. 


3.2. Preliminary Design Decisions 


Before beginning to work through our example 
design, we will first describe some preliminary 
design decisions, and the impact they have on 
the system clock. 


Clock-Buffer Selection - We are using an 
AMCC SC3508Q-1 clock buffer to drive the 
clock in this example. Our selection criteria 
for this part is based upon two factors. Spe- 
cifically, that the SC3508Q-1 has twenty out- 
puts and that the pin-to-pin skew for this part 
is less than 500 psec. In second-level cache 
systems, we have to drive 12 loads which 
have a non-trivial (relative to the tolerance 
requirement) amount of capacitive load 
variation. With 20 pins available from the 
$C3508Q-1, a single-IC point-to-point (i.e. 
one driver pin for each clock load) clock-dis- 
tribution solution can be employed. If these 
loads had to be driven such that two or more 
SRAM inputs were clustered on a net, the 
arrival-time variation due to extrinsic skew 
and C, effects (c.f. expressions 6 and 7) 
would exceed the allowed tolerance, even 
without factoring-in jitter. 
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Device Placement Within the CPU Module 
- We will use the placement suggested by 
Intel in Reference 8. Figure 6 shows that 
placement. 


s24o1#2 | |e24o1#1 
6) fe) 
|\e— 2.4" —> 


™ 
82491#9 82491#6 8249145 Lain 
Oo (e) fe) 
82491#10 | |s24o1¥4 aie 
. y Clock Driver 
82496 


82491#8 —" #7 
fe) 


<——_——————_ Approx.6.5*° ——_—-——_> 


Figure 6. 


Interconnect Environment - For our 
speeds and spectral content, we obviously 
need a controlled-impedance interconnect. 
The reader is referred to References 3 and 
10 for detailed background information on 
this topic. 


Microstrip vs stripline - We are routing 
all clock signals in microstrip, since the 
propagation rate is higher than that of 
stripline (146 psec/in for microstrip ver- 
sus 182 psec/in for stripline). While the 
twenty or so clock nets may increase the 
level of radiated noise, the faster rates 
reduce the impact of interconnect manu- 
facturing tolerances (5% of 146 is less 
than 5% of 182). 


Figure 7. 


3.5 nsec 
max 


Page 7-32 


PENTIUM’ 


Parameters - Our example assumes a 
70-ohm characteristic impedance. Higher 
values of Z, reduce the dynamic current 
available to charge the load capacitance. 
This, in turn, results in higher sensitivity 
to load capacitance variation. However, 
lower dynamic current also means less 
noise and therefore less jitter. The other 
parameters for our assumed intercon- 
nection environment follow. 


Structure: Microstrip 
Dielectric: 4.7 .012" thick 
Conductor: .011" Wx .0015"T copper 
Properties: 
Co 2.08 pF/in 


LO 10.3 nH/in 
ZO 70.4 ohms 
Tpd 146.4 psec/in 


Definition of External Loading and Tolerance - 
For any design, it is necessary determine the 
allowable clock tolerance on external critical 
paths. To do that, you have to identify the critical 
paths in the external circuitry. This may be quite 
difficult, given the large number of bus-transac- 
tion types, and that not all segments are 1-cycle 
long. 


To simply illustrate what is required, we will as- 
sume we have identified the external critical 
path as shown in Figures 7 and 8. That is, the 
critical path runs from the fictitious Pentium out- 
put P5_OUT through two PLDs and into the ficti- 
tious inputs P5_IN and CC_IN. The delays 
through the PLDs have been arbitrarily assumed 
to be 3.5 and 3.2 nsec. For simplicity, we as- 


P5_IN (2pF) 


CC_IN (2pF) 


3.5 nsec 
max 
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Figure 8. 


COMBINATIONAL 
LOGIC 


sume P5_OUT is valid on the rising edge of the 
clock (add appropriate delay if this not the case 
for your system). Furthermore, we will assume 
the setup-time for both inputs is 5 nsec. Com- 
puting the path delay: 


Segment 1 


From our previous discussion, we can com- 
pute the delay of a loaded transmission line 
from expression (5). Using C, = 10 pF (hope- 
fully a maximum value), L = 4", and our pre- 
vious values for the remaining variables, we 
have: 


Delay(segment 1) = (4")(146.4ps/in) 
V 1+ (10pF)/(4" * 2.08pF/in) 
= 868 psec 


Segment 2 
Using the same method, we compute: 
Delay(segment 2) = 450 psec 


Segment 3 


For this segment, we analyze the capacitive 
effects of the two 0.6" segments as a single 
1.2" segment with twice the load capaci- 
tance: 


LT...’ = (3.5+.6)*(146.4)* 
V 1 + (24+2)/((3.5+1.2) * (2.08)) 
Delay(segment 3) = 713 psec 
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Computing the critical path delay, T 


CPD" 
Topp = Max gate delays + 
Max net delays + MT* (8) 


where, MT* is an estimate of the maximum 
positive manufacturing tolerance. 


Topp = (3.5 + 3.2) + (.868+.450 + .713) + 
9.6"(20 psec/in) 
= 8.923 nsec 


Computing the available clock tolerance, 
TOL, : 


TOL = Tove > Topp - Setup-time (9) 
= 15-8.923-5 
= 1.077 nsec 


We will make use of this figure later in the 
example. 


3.4. Inventory of Loading and Placement 
of Clock Loads 


As the expressions illustrated earlier, variation in 
load-capacitance can be a principal contributor 
to clock tolerancing. We will see that in Pentium 
systems with second-level caching, this effect 
will dominate in the CPU module. 


Loading in CPU Module 


Intel has characterized the high-frequency be- 
havior of the pins of the devices in the CPU 
module. Reference 7 provides models for all in- 
put pins in the CPU module (it also has output 
models). The model is shown in Figure 9. The 
values for the components are shown in Table 
1. When analyzing various design approaches 
with a good simulation tool, these models will 
contribute to a more accurate answer. They are 
especially useful since minimum and maximum 


Figure 9. 
Lp 
oes 7 Cin 
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values are provided instead of typical values. 
However, since the model is a third-order low- 
pass filter which is driven by a transmission-line 
with its own distributed reactive components, we 
need to simplify it for our manual calculations 
here. Our transmission-line delay expressions 
employ a single, lumped load capacitance. So 
we need to estimate minimum and maximum 
values for input capacitance from the data in the 
table. 


Table 1 - Component Values for Input Pin 


Models 

Device Type Min/Max | Min/Max | Min/Max 
Se oe 
[enri [osts | soos [2059 


* Ignore 7pF maximum input capacitance rating from DC 
specification when using these models. 


We are concerned about the time at which V,. 
the voltage across C,,, charges up to threshold. 
An edge arriving at the pin on the transmission 
line can be considered as the sum of several 
sine-waves - the fundamental (66-MHz) and the 
harmonics (up to about 250-MHz). The elements 
of the filter attenuate or resist the high-end spec- 
tral components more than the lower ones, de- 
grading the edge and delaying the time V,, 
charges up to threshold. The fastest time will be 
when the high-end spectra is attenuated the 
least, the slowest time when it is attenuated the 
most. We can assume that the least attenuation 
will occur when both capacitors and the inductor 
are at minimum values. If we let the inductance 
go to zero, the capacitors are in parallel and we 
can simply add them. This assumption will result 
in a slightly faster estimate of the arrival time, 
since the inductor would limit some of the cur- 
rent which charges C,, The slowest time will oc- 
cur when both capacitors and the inductor are at 
their maximum values. In this case, we can sim- 
plify, and still account for the effect of the induc- 
tor (resisting the passage of the current which 
charges C,,), by letting the inductance go to zero 
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but scaling C,, up to increase the charging time. 
Our assumption is that scaling C,, up by 50% will 
account for the elimination of the inductor. So 
our maximum value for the pin capacitance will 
be computed as: 


max C,,,. = max C, +1.5(max C,,) (10) 
The values we will use are shown in Table 2. 


Table 2 - Simplified Pin-Capacitance Values 


[Device | Cm i@F) | Typial, 
[Penton [18-1729 [224159 <87_ 


Placement of Loads in CPU Module 


Since we are assuming the placement sug- 
gested in Reference 8, we can derive the dis- 
tance to loads from that. The shortest path from 
the clock driver to either the Pentium or 82496 
clock pins is approximately 2 inches. The near- 
est and farthest 82491s to the clock buffer are 
approximately 5 and 7.5 inches, respectively. 


Loading Outside CPU Module 


Assumed placement and loading for the external 
clock loads is shown in Table 3. It is obvious 
from the table that either load 1 (largest capaci- 
tance value) or load 3 (most remote load) will be 
our worst case load. Note that we have as- 
sumed only typical values for C,. We would ob- 
viously like to have min/max values, but this is 
usually not available. 


Table 3 - External Clock Loads 


Estimated Min 
Load {Distance Clk buffer Typical C, 
to load 
1 
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Figure 10. 


0.8" 


TPD = 146.4 PSAN 


SC3508 


3.5. Pentium/496 Tolerance Group 
Requirement: 200 psec 


Structure of Clock Net: This tolerance is suffi- 
ciently tight that both loads must be driven off 
the same pin of the clock buffer to eliminate ex- 
trinsic skew (500 psec for the SC3508Q-1). Ex- 
amining the clock-load inventory from the 
previous section, we see that the longest clock 
net will probably be about 10". This will be our 
starting point for this and all subsequent nets. 
Nets can be serpentined to use up extra length. 
The layout of the CPU module tells us the two 
loads are about 1.6" apart. From this, we will 
assume the structure for our clock net as shown 
in Figure 10. The branching point for the stubs 
has been moved as far out on the transmission 
line as possible to reduce manufacturing toler- 
ance effects between these two loads. 


Analysis: For approximately 1.5 nsec transition 
times, the 9.2" segment of the line can be 
treated as a transmission line (i.e. an edge 
doesn’t “know” about a load until it gets there). 
We can expect the edge to propagate down the 
9.2" segment at the unloaded propagation rate, 
which is 146.4 psec/in. Therefore, we can ana- 
lyze it and the stubs separately. The stubs are 
short enough to treat as equipotential nodes. 
We will treat the two loads as a single capacitive 
load equal to the sum of the two input capaci- 
tance ranges. 


Figure 11. 


1549 1571 


Net Delay = Delay of long segment + Stub delay 


= 9.2" *Unloaded T,,, + Loaded stub de- 
lay 


= 1347 psec + L*T,,.V 1+ C,/(L* C,) 


where, 
L = 0.8" for either stub 
T,5 = Unloaded propagation rate = 146.4 psec/in 
C, = 2.08 pF/in (computed earlier) 
3.3<C, < 5.7 For Pentium input 
3.8<C, < 6.9 For 82496 input 


Computing the min and max delays for both 
paths (SC3508-Pentium and SC3508- 
82496), we have: 


1549 1593 1571 
1347+202 | 1347+246 | 1347+224 
1559 1613 1586 
1347+212 | 1347+266 | 1347+239 


Representing this graphically: 


The difference between the earliest and latest 
arrivals is 1613-1549=64 psec. This leaves 200- 
64=136 psec margin for jitter and manufacturing 
tolerance on the stubs. We can improve this by 
aligning the mean delays. In this case, that 
means increasing the mean delay of the 
Pentium stub from 224 psec to 239 psec. And 


1593 


Pentium SS 
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this is accomplished by lengthening the stub to 
the Pentium. Solving expression (5) for L, we 
find that a new Pentium stub length of 882 mils 
gives us the appropriate alignment. 


es ee 
Beiay Soss06 Pent | 1ee8_| 1e00 | 1608 


Belay Scasoe-carse | —1es0 [1618 [1508 


Tolerance: This is determined by the difference 
in arrival times. There are two cases (early 
Pentium/late 82496 and late Pentium/early 
82496). Since we balanced the mean delays, 
both cases are identical. 


Skew = 1613-1563 = 50 psec. 


This should be guard-banded to accommodate 
manufacturing tolerances on the stubs. These 
tolerances will probably not be that large due to 


substantial tracking effects (i.e. these nets are 


all in the same area of the same layer of the 
same board). So we'll assume 


Guarded skew = 65 psec. 


This leaves 200-65 = 135 psec for jitter so far. 
Remember that these figures are just for clocks 
in this tolerance group. 


3.6. Pentium/82491 and 82496/82491 
Tolerance Group 
Requirement: 700 psec. 


Structure of Clock Net: We will assume point- 
to-point for all SRAM nets to minimize C, effects. 
The net will be as shown in Figure 12, with an 
approximate length of 10°. 


Analysis: Using 
3.4<5C s 7.4 for 491s 


and forcing the mean delay to 1586 psec, we 
solve for a length of 9.621". The full set of de- 
lays is: 


Figure 12. 


SC3508 
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a 
Baay Scasoecaiet | vee [10a | 1680 


Tolerance: If the difference between arrival- 
times at the 82491s and the 82496 are accept- 
able, then they will also be acceptable for the 
difference between the Pentium and the 
82491’s. This is, of course, because the mean 
delays are aligned and the arrival time spread is 
wider at the 82496 than at the Pentium. So we 
will analyze with respect to the 82496. Using 
expression (7): 

Tolerance = Int skew + ALT,” + MT + Jitter (7) 


Substituting our 700 psec limit in for the toler- 
ance 


700 psec < 500 + ALT,’ + MT + Jitter 
200 psec < ALT,” + MT + Jitter 
where, 


ALT... in this case is the worst case arrival 
time difference (due to C, effects) between 
the 82496 and the 82491s. Again, we only 
have to compute one of the two possible 
cases due to symmetry. 


ALT, = 1649 - 1559 = 90 psec 


Guard-banding this figure to accommodate 
manufacturing tolerances, we can assume 


Guarded skew = 115 psec 
Leaving 200 - 115 = 85 psec for jitter. 


3.7. External Tolerance Group 


Requirement: 1.077 nsec (computed earlier) 


Structure of Clock Net: We will assume point- 
to-point for the external loads as well. This net 
will be identical to that shown in Figure 12. 


Analysis: For this group, analysis will not yield 
the same quality result as it did for the preceding 
tolerance groups. The reason is that for this 
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group, it is highly likely that you can only get 
typical values for each load-type. Unfortunately, 
you require min/max information about load ca- 
pacitance to compute arrival time variation. 
There are, however, some approaches that 
maximize the ability of the design to cope with 
uncharacterized tolerancing mechanisms. These 
include: 


1. Point-to-point clock nets to minimize the 
C, variation on any one net. Given that 
we have 20 outputs to work with on the 
clock buffer, this is not a problem for 
most Pentium designs. 


2. Use the lowest possible Z, which pro- 
duces the maximum dynamic current, 
and thus charges the load capacitance 
as fast as possible. Reference 2 elabo- 
rates on the sensitivity of tolerancing to 
transmission-line characteristic 
imedance and variation in load-capaci- 
tance. 


3. Extending the “charge current” logic ap- 
plied in the previous point to termination, 
it is generally advisable to select a termi- 
nation scheme other than series. The 
SC3508Q-1 employed in our example 
design has integral series termination. 
However, the benefit of point-to-point 
distribution afforded by the SC3508Q-1’s 
twenty output pins outweighs the impact 
of series termination. 


4. Design each external clock net such that 
its delay, as computed with typical C, 
values, is aligned with the mean delay 
value of the CPU module. 


5. Bypass heavily and use other noise re- 
duction methods to minimize clock jitter 
at that load, and devices it communi- 
cates with. 


From our earlier computations, we know the 
maximum allowable tolerance for the external 
tolerance group is 1.077 nsec. This is the maxi- 
mum arrival-time difference between either the 
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Pentium and any external load, or the 82496 
and any external load. Note that instead of treat- 
ing all external clock loads identically, we could 
separately analyze for each load, if necessary. 


Computing the mean delay for external load #3 
first: 


LT... =L*T,,V 1+C/(L* C,) (5) 
Where we will substitute: 
L = 10" 
C, = 5pF typical 


We get a typical delay of 1631 psec. We need to 
adjust something so that this typical delay aligns 
with the mean in the CPU module of 1586 psec. 
We can add delay to all the other nets or possi- 
bly reduce the delay of this net. Let us assume 
we can take the latter approach by slightly repo- 
sitioning the SC3508 relative to this load. To 
align the delays, the length of this net must be 
9.698" (computed by forcing the loaded delay in 
(5) to be 1586 psec). 


At this point, we may also want to consider re- 
ducing Z,. Repeating the preceding for all the 
other external loads: 


Estimated Min 
Clock-Net 


10.363" 


3.8. Final Design Decisions and Summary 


At this point we have “finished” the design of the 
clock nets. We still have some constraints to 
compute, which we will do in this section. How- 
ever, in the event that an unachievable con- 
straint results, it would be necessary to rework 
the layout of the loads and the lengths of the 
clock nets. 
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Jitter, Noise, and External C, Constraints 


The following summarizes the tolerancing for the 
nets we have just designed: 


intrinsic Extrinsic 
Tolerance Skew Skew Abela eeccraat 
(psec) (psec) i 
" 135 
85 


Pentium-82491 700 


> 
700-500-<11 
5 


aiid 700-500-115 
82496-EX1 
82496-EX2 
82496-EX3 
82496-EX4 
82496-EX5 
82496-EX6 


* - By examination. 


System Jitter Constraint - Given the complete 
information we have about the loads in the first 
two tolerance groups, we were able to compute 
jitter constraints. This was done using expres- 
sion (7). While jitter can be considered to vary 
from location to location in a system, it is a much 
more manageable problem to assume it is uni- 
form throughout the system. So, for our ex- 
ample, we will assume a jitter constraint of 
System Jitter Constraint = Min(135, <85, 85) 
= 85psec 

Therefore, we will limit jitter to 85 psec on a 
system-wide basis. Given the 1077 - 500 = 577 
psec of room we have for combined jitter and 
extrinsic tolerancing in the external tolerance 
group, it is not likely we will need to control jitter 
to a lower level. We will now use our jitter con- 
straint to compute the extrinsic skew constraint 
on the external loads and an approximation on 
the noise level. | 


External Extrinsic Skew Constraint- Our limit 
on tolerancing in the external group due to load- 
Capacitance variation and manufacturing toler- 
ances on the net is: 


1077 - 500 - 85 = 492psec 


In the following table, we have computed the 
allowable variation on C,. The analysis allocates 
20 psec/in for manufacturing tolerances on each 
external net, computes an extrinsic skew con- 
straint from that, and then a constraint on C,. 
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1. 492psec - MT 


2. Computed from expression (6) by setting 
ALT,,, equal to the extrinsinc skew limit, 
and forcing symmetric variation of the C, 
value around the typical value. That is, 


letting 
C, nex = Cryp + ©,/2 and, 
Crinin = Cryp - O/2 


The values from the right-most column are a 
constraint that we place on the clock inputs of 
the devices that receive the external clocks. In 
most cases, it is clear we have more than ad- 
equate margin on the low side. 


System Noise Constraint - From Figure 5, we 
know that noise in the power environment and 
clock-signal transition-times interact directly with 
jitter. Budgeting jitter in a clock-distribution and 
reception network is complicated and a detailed 
treatment of that is beyond the scope of this 
note. In our example, we have a single device 
performing clock-distribution, and can assume 
all jitter is added at that point. An approximation 
of the maximum noise-voltage that the 
SC3508Q-1 can see at its power pins can be 
derived from: 


Max Jitter = Slew... * Vicisew-) (11) 
where, 


Slew__ is the slowest (largest) slew rate 


max 


in nsec/volt. 


Vnoise(p-p) 1S the peak to peak noise voltage. 


This was “derived” by examination of Figure 5. 
Assuming the signal into the SC3508-1 climbs 
4V in 5 nsec (typical for many crystal oscilla- 
tors), 


0.085 nsec = (5nsec/4V) * V 
V = 68mV 


noise(p-p) 


noise(p-p) 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


PENTIUM 


ZAIMG& 


APPLICATION NOTE #3 


This is an aggressive but achievable noise-volt- 
age level at the pin of the SC3508Q-1. To 
achieve this, noise reduction methods must be 
used, such as including suitable bypass capaci- 
tors. A detailed discussion of noise-voltage re- 
duction is beyond the scope of this note. Notice, 
however, that employing a crystal oscillator with 
faster edges increases the allowable noise volt- 
age. 


Configuring the SC3508Q-1 


The data sheet provides detailed information on 
configuring the various inputs of the SC3508Q- 
1. The CLOCK SEL pin must be tied either low 
for a TTL source or high for an ECL source. 
Since the clock must toggle during power up 
(c.f. Section 2.2), the RESET input of the 
$C3508Q-1 can be tied high (inactive). Finally, 
source series termination is provided within the 
SC3508Q-1 to match the output drivers to lines 
with characteristic impedences in the range of 
50 to 75 ohms. The patented output drivers also 
prevent undershoot and thereby reduce noise at 
the receiving chip input. The result is that the 
SC3508 provides 20 outputs with excellent sig- 
nal integrity. 


A Word About Serpentine Delays 


Through out this design example we have as- 
sumed that the clock net lengths are matched. 
A typical method of accomplishing this to ser- 
pentine clock nets which need additonal length. 


The reader is cautioned that serpentining can 
have an effect on the propagation rate of a net. 
In Reference 2, this effect is described and illus- 
trated with measurement. 


4. EXTENSIONS TO THE DESIGN 
EXAMPLE 


Our example was for a “typical” Pentium system. 
There are two significant extensions that can be 
made to this example: 


1. Divided synchronous systems 
2. Larger systems 
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4.1. Divided Synchronous Systems 


In a divided synchronous system, the CPU mod- 
ule (12 loads) runs at 66-MHz and all of the 
circuitry external to the CPU module runs at 33- 
MHz. The memory bus controller will need one 
or two copies of both clocks to coordinate com- 
munication between the two timing environ- 
ments. If our example design were converted to 
a divided synchronous system, we would need 
to select a clock buffer capable of providing an 
appropriate number of copies both clock fre- 
quencies. The AMCC SC3500Q-1 can fill this 
role. The SC3500’s outputs are arranged in 
three groups (10, 5, & 5 pins), each of which can 
be operated at various relationships to the input 


as follows: 
Relationship to Output 
Fa 10 outputs at Finn y/2 
(max = 80 MHz) 
5 outputs at Finput/2 or Finput4 
5 outputs at Fingyy/4 oF Finpy/8 


Therefore, we can convert our example to a di- 
vided synchronous system using an SC3500 as 
follows: 


1. Drive the buffer with a 133MHZz source. 


2. Configure Fa and Fb groups for 66MHz 
(15 clock signals) 


11 loads in CPU module (as previous) 
4 clock signals available for MBC 


3. Configure Fc group for 33-MHz (5 clock 
signals) 


Figure 13 shows this configuration. The analysis 
of tolerancing for this new arrangement would 
be similar to what was shown in our original ex- 
ample. 


Figure 13. 


133 MHz 
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4.2. Larger Systems 


When the number of loads in a system exceeds 
the number of pins on the clock buffer em- 
ployed, it is necessary to move to a tree-struc- 
tured clock-distribution network to fan out the 
signals. When this is the case, the tradeoffs and 
the analysis are more complicated. The most 
noteable effect is that part-to-part buffer toler- 
ances come into play. In even larger systems, 
cascaded part-to-part tolerances come into play. 
A complete discussion of these issues goes be- 
yond the scope of this note. References 1 and 2 
cover this subject in more depth. We will, how- 
ever, provide some guidelines: 


1. Exploit locality (i.e. the commonality of 
clock paths) in signal groups where 
tolerancing requirements are tight. For 
example, drive all of the loads in the 
CPU module from a single SC3508Q-1 
to keep the part-to-part tolerances out of 
tolerances expressions. 


2, Align the mean delays of all clock paths. 


Figure 14 shows a mid-sized Pentium clock dis- 
tribution network. It takes advantage of the re- 
duced tolerancing among the outputs of the Fa 
group (250 psec). 
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5. SUMMARY 


This note has presented a detailed example of 
clock-distribution in a typical Pentium design us- 
ing AMCC's SC3508Q-1 clock driver. This ex- 
ample discussed the most important design 
decisions, and extended the example to other 
common design cases. As we saw, many of the 
timing-environment design methods previously 
necessary only in larger and faster computers 
are now necessary in Pentium systems. 


Even with these constraints, this application 
note shows that the SC3508Q-1 can be used in 
Pentium systems to create a statistically stable 
design. With twenty outputs, a low-skew design, 
and its no-undershoot drivers, the SC3508Q-1 
allows the engineer to design a clock distribution 
scheme that will satisfy the rigorous require- 
ments of the Pentium chips. 


Figure 14. 
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DEVICE SPECIFICATION 


ECL/TTL “TURBO” LOGIC ARRAYS 


Q20000 FEATURES 


Up to 18,700 gates, channelless architecture 
100 ps equivalent gate delays 

Ultra low power (.5-1.0 mW/gate) 

10K, 10KH, 100K ECL and mixed ECL/TTL 
capability 

Structured arrays with 1.25 GHz PLLs* 

High precision programmable delay line macro 
Speed/power programmability 

Single cell 25 & 50 ohm parallel termination drive 
Symmetrical rise and fall times 

Operation over commercial and military ranges 
Up to 100% utilization 


DESCRIPTION 


The AMCC Q20000 Series of logic arrays is 
comprised of eight products ranging in density from 
1400 to 18,700 equivalent gates (full adder counting 
method) including structured arrays with 1.25 GHz 
PLLs.* The Turbo series is optimized to provide high 
performance and proven reliability to today’s advanced 
hi-rel commercial and military semicustom applications. 


Q20000 arrays are designed to operate at frequencies 
as high as 1.25 GHz. These Turbo arrays achieve this 
very high performance by combining an advanced one 
micron process with innovative A.C.-coupled active drive 
circuitry. The combination of this advanced process and 
patented circuit design technique has _ achieved 
operating performance efficiencies as much as eight 
times over previous bipolar families. 


An extensive library of SSI, MSI and LSI logic macros, 
including a high resolution programmable delay line, is 
currently ayailable in conjunction with AMCC’s 
MacroMatrix” design kit. The library features speed/ 
power options that allow the designer to maximize 
critical path speed while minimizing overall chip power. 
MacroMatrix is available on most popular engineering 
workstations (EWS) and simulators. 


i 
t 
| 
} 


| Equivalent Gates - Flip Flop | 450 


- Full Adder‘ 671 


Q20080 DIE 


| PERFORMANCE SUMMARY | 


i Typical gate delay") 100-250 ps 
| Maximum toggle frequency 1.25 GHz 

| Maximum TTL input frequency 100 MHz 

i Maximum TTL output frequency 60 MHz 


| Maximum ECL input frequency (DIFF) 1.25 GHz 
| Maximum ECL output frequency 
| single ended 

differential 


Darlington (single ended, mixed mode only) 


350 MHz 
1.25 GHz 
600 MHz 


\)Based upon the use of complex macros and availability of 
speed/power options. 


Table 1 


: PARAMETER Q20004 a20010 | @20025 | «20045 Q20080 | Q20P010° 


|Core Celis [| a3 | e773 


[VO Cell Count | eT 
i Structured Array Blocks aa 


Power (WS) st 


‘ Computed using 11 gate equivalent, 3 cell 3:1 MUXed D Flip-Flop - FF48 Macro. 

Computed using 11 gate equivalent, 2 cell, One bit Full Adder, ADO5 Macro. 

3 Available I/O signals depends upon package and macro selection. Some I/O macros utilize more than 1 I/O cell. 
Assumes 50% Inputs, 50% Outputs, Mixed mode supply. Utilization determines actual array power dissipation. 


*Refer to the Q20P025/P010 datasheet for further information. 


Table 2 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 * (619) 450-9333 


Page 8-3 


TECHNOLOGY 


TECHNOLOGY 


The Q20000 Series of ultra high performance 
ECL/TTL logic arrays are fabricated using a one 
micron bipolar process incorporating polysilicon 
emitter contacts, trench oxide isolation and an 
advanced base emitter structure (fig. 1). The 1pm 
wide trench reduces the collector substrate 
capacitance to less than half and doubles packing 
density when compared to conventional oxide isolated 
devices. 


The minimum emitter feature size of 1pm x 2um (.6 x 
1.6 effective) combined with the low capacitance of 
the double poly, trench isolated process, achieves a 
cut-off frequency (Ft) of 14 GHz. The three level metal 
interconnect system employs fine pitch geometries of 
4um first, 5um second and 7um for the third level. 


Figure 1. Process Cross Section 


COLLECTOR 


DESIGN INNOVATIONS 


Conventional ECL structures use an output emitter 
follower biased with a static current source. When 
replicated and used hundreds or thousands of times 
per array these static current sources consume large 
amounts of current. As gate densities increase, this 
static current becomes a large power burden. 


To overcome this power burden, AMCC developed a 
patented dynamic discharge circuit (fig. 2) in place of 
the static current source for the emitter follower. This 
dynamic discharge circuit is comprised of a 
Capacitively coupled active pull down arrangement. 
The static power requirements of this innovative 
technique are reduced substantially. Output skews 
between rising and falling edge delays are virtually 
eliminated and are significantly less affected by 
interconnect loading. This circuit technique in effect 
“Turbo Charges” the output. 


The Turbo circuit is beneficial for circuits operating as 
high as 600 MHz and is used for the majority of macro 
functions in Q20000 series designs. For circuit paths 
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~ ECL/TTL “TURBO” LOGIC ARRAYS 


Figure 2. Q20000 Internal Cell Turbo Driver 


operating up to 1.2GHz, the Q20000 Series Macro 
Library includes functions with the traditional ECL 
output emitter follower structure. Refer to the “High 
Frequency Design Rules” section of the Q20000 
Series Design Manual for further details on 
appropriate macro choices. 


The I/O cell also benefits from the innovative Turbo 
design. Off chip skews for ECL outputs (10KH or 
100K) as well as loading effects over conventional 
emitter follower structures are greatly improved. If a 
dual supply is available, the I/O cell can be configured 
with a Darlington output stage plus Turbo. This option 
allows a single !/O cell the ability to drive a 25 ohm 
parallel terminated line at reduced switch current, 
therefore reducing power requirements. Table 1 gives 
a brief summary of the I/O performance figures for the 
Q20000 family. 


ARRAY ARCHITECTURE 


The Q20000 Series is the industry’s first ECL logic 
array family to utilize a channelless architecture 
called Sea-of-Cells®. The Sea-of-Cells organ- 
ization eliminates the dedicated routing channels 
between cells used in channeled array archi- 
tectures, thereby doubling the core density. 
Utilization is maintained at above 95% because of 
three levels of metal interconnect and AMCC’s 
state-of-the-art place and route software. First level 
metal is used primarily for macro definition while 
second and third level metal handle inter-macro 
routing. The reduced static power of the Turbo cell 
allows power and ground distribution to be 
interspersed on the second and third level of metal, 
eliminating the need for a dedicated power plane. 
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ARRAY ORGANIZATION Q20000 


Figure 3. Q20080 Die Organization 
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Like previous ECL logic array families from AMCC, 
the internal core cell of the Q20000 Series uses logic 
efficient three level series gated structures. The three 
level structure can operate over the full military 
temperature (-55°C ambient to +125°C case) and 
voltage range of 10KH or 100K logic because of 
AMCC’s unique design. Table 3 lists representative 
macro functions and the number of cells required for 
implementation. A latch can be implemented in only 
one cell. 


The 1/O cells are designed to interface with either 
10KH, 100K or TTL thresholds. For over 1 GHz 
operation, a differential CML output structure is also 
available for use with selected I/O cells and package pins. 


Each I/O cell in the array family can be either an input 
or an output. Bi-directional operation is achieved by 
paralleling any two adjacent I/O cells. The flexible I/O 
structure of the Q20000 family allows operation in 
either 100% ECL I/O, 100% TTL !/O and mixed 
ECL/TTL 1/O in either dual supply or single supply 
modes. 


Q20010 Q20P010 


| __s* FUNCTIONAL DENSITY TABLE ——y Saal 
CELL MACRO 
FF 


Flip-Flop with EXORed Data; Q output FF22 
Flip-Flop with 3:1 MUXed Data, Q output 


& 


aaa 

I ee 

| a 

fatMux MX 
E 
Ee 
boaeeey 


> 


2 
X21 
2 Input Exclusive-OR, Y output 
DDOO 
R02 


| 
} 
| 


4 Bit Carry Look Ahead Adder 
4 Bit Counter with AR,AS 
| 8 Bit Comparator CMP00 | 


Table 3 


STRUCTURED ARRAYS 


Two members of the Q20000 family feature 
embedded high performance Phase Locked Loops. 
The Q20P025 and Q20P010 arrays include a 
1.25GHz PLL with 1000 and 2500 usable gates. Refer 
to the Q20P010/025 data sheet for further details. 


PACKAGING 


The Q20000 Series logic arrays are available in a 
range of standard packages including surface- 
mountable chip carriers and pin grid arrays. In addition 
to high pin count packages, special low inductance 
packages for high speed operation are also available. 
For complete details consult the AMCC Packaging 
Guide. 


HIGH SPEED/LOW POWER MACROS 


The Q20000 Series macro library offers maximum 
flexibility in the optimization of circuit performance and 
power consumption. A full complement of macros is 
offered with low power, standard and high speed 
options. The high speed options require somewhat 
more power than standard, but provide a significant 
improvement in propagation delay and/or maximum 
operating frequency. The low power versions of 
macros can be used to reduce power consumption in 
non-critical paths. 


Q20P025 Q20045 Q20080 


Table 4 
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Q20000 


Table 5 illustrates the effects of speed/power 
selections on equivalent gate delay and power 
consumption. As the table indicates the overall macro 
performance versus power consumption can be varied 
significantly depending upon the option selected. 


j SPEED POWER OPTIONS: EXAMPLE | 


| gd High Low | 
| 


TPD min/max (ps) 87/160 | 103/189 | 167/298 | 
IEE (mA) 1.12 0.776 0.455 | 
: Max Operating Frequency (MHz)| 1200 | 800 600 
( Tpd = [TPD(+) +TPD(.)/2. Path shown is any input to Y output 
Table 5 


The circuit designer can make the selection of 
speed/power options at the time of schematic capture 
on a supported engineering workstation. Through 
simulation, the designer can fine-tune the circuit to 
provide the required mix of performance and power 
savings. 


The macro section in the final portion of this data 
sheet provides additional information on speed/ power 
trade-offs. 


rt fer Ot er TET AE rE I I Te I eT I TE a: emintereersererrenernertt es eRe 


| SIGNAL INTERFACE OPTIONS : 
| nput___|_BioinecTionaL | ouTPUT | 


| TTL Totem Pole | 
| TTL TTL Transceivers TTL Tri-State | 
| TTL Open Collector | 
cae ECL 10K and 10KH : 
| ECL 10K and 10KH Transcalvels ECL 10K and 10KH : 


| ECL 100K | 
! ECL 100K Tiencceiier ECL 100K | 
Table 6 


PROGRAMMABLE DELAY LINE MACRO 
(PDOOS) 


The PDOOS is a programmable delay macro in the 
Q20000 gate array library that provides a timing 
generation or deskew function for precision timing 
applications, such as ATE, instrumentation, clock 
distribution, and high speed buses. 


Key features of the PDOO5 include: 

e Up to 30 delay lines per array possible 

¢ Local macro voltage regulation for superior 
crosstalk performance 
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e Cascadable for greater delay range 

¢ 46 core cells in size 

e Ring oscillator mode for testability 

¢ 6 decode bits for 63 selectable delay steps 


i -PERFORMANCE SUMMARY —s__—i«#w” 
< 80 ps 
[Resolution (typ) sid 


Resolution (typ 


| Minimum delay range __ 


| s80ps 
| 40ps_ 
eens | 
IMaxfrequency | BOM 
Minimum pulsewidth | ns 
[Minimum propagationdelay =| 130s 
es ee eed 


[No missing codes in 80 ps steps _ 


A differential signal is applied to input pin A/AN, is 
modified with the addition of a delay specified by the 
binary input address pins D(0:5), and emerges at 
output pins Y/YN. The test enable input (TE) is held 
high for normal operation. When the TE input is put 
low in the test mode, the Y/YN output is internally 
inverted and fed back to the A/AN input thus allowing 
the PDOOS to function as a ring oscillator and enable 
operation verification. Changing the binary code of 
address pins D(0:5), changes the frequency of 
Oscillations of the PDOOS macro that allows for 
convenient testing of accuracy through delta 
frequency measurements. 


Functional Block Diagram 


Programmable Delay 
AN 


TE DO D1 D2 D3 D4 D5 


1. (Y,YN) = (A,AN) 
2. NOMINAL DELAY = (40*D0 + 80"D1 + 160*D2 + 320*D3 + 
640*D4 + 1280*D5 +1300) ps 
3. TE = LOW, Puts PDOOS in Ring Oscillator Mode 
4. TE = High, Normal Mode 
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ARRAY ORGANIZATION Q20000 


CUSTOM MACROS 


To further enhance the functionality of the Q20000 
Series macro library, AMCC has developed a macro 
development system. It uses a correct-by-construction 
approach to develop macros that meet all the 
pertinent design rules. As_ individual circuit appli- 
cations warrant, macros with unique characteristics 
can be developed rapidly and used to optimize the 
array design. 


FLEXIBLE I/O STRUCTURE 


The Q20000 Series I/O cells are configurable to 
provide a universal range of interface options for both 
single and dual supply modes. The mixed ECL/TTL 
capabilities allow interface to both technologies on a 
single chip without the use of external transiators. 
(Refer to Table 6.) 


DESIGN INTERFACE 


AMCC has structured its circuit design interface to 
provide maximum flexibility while ensuring design 
correctness. For implementations using an _ engi- 
neering workstation, AMCC provides MacroMatrix 
software. MacroMatrix works in conjunction with the 
popular, commercial EDA tools to provide the 
following capabilities: 


e Schematic Capture 

e Logic Simulation 

e Pre-Layout Delay Estimation (Front Annotation) 

e Array and Technology-Specific Rules Checks 
(ERC’s) 

e Estimated Power Computation 

e Layout Netlist Generation 

e Post-Layout Timing Verification (Back 
Annotation) 
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RaceCheck™, a powerful dynamic timing and test 
vector analysis tool, is an available option to 
MacroMatrix. AMCC recommends its use with all 
design submissions. 


Upon submission of the design database to AMCC, a 
comprehensive review of the circuit is performed 
making use of the very same EWS and MacroMatrix 
tools used by the designer. No “golden simulator” is 
employed to verify the timing of the design. No 
translation of the logic data is required so the chance 
of non-design-related errors is virtually eliminated. A 
complete description of the AMCC Logic Array design 
interface is available in the Design Interface Brochure. 


AMCC DESIGN SERVICES 


In addition to supporting design work at the designer’s 
location, AMCC also offers customers the option of 
working at the San Diego Design Center. At the 
Design Center, engineers have access to the same 
sophisticated CAD/CAE tools supported for customer- 
site designs plus direct contact with a dedicated 
applications engineer to assist with the array 
implementation. 


AMCC also provides a number of additional support 
services including: 


e Local and Factory Applications Engineering 
Support 


¢ Comprehensive Training Courses 
e Complete Design Documentation 


e Full Design Implementation Service 
(consult AMCC) 
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ECL INTERFACE 


The Q20000 Series arrays can interface to standard 
and positive reference (+5V) ECL 10K, 10KH and 
100K levels. ECL inputs can enter the array from any 
/O cell and, in some cases, may be connected 
directly to core cells without additional buffering. Path 
delays from different inputs are considerably reduced 
as indicated by the propagation delays summarized in 
Table 7. Additionally, signals can be input differ- 
entially to remove common mode noise. 


ECL outputs can leave the arrays from any I/O cell. 
Different configurations of the I/O cells provide for a 
50 ohm or 25 ohm output drive. Differential CML 
outputs are available for high frequency paths. 


INPUTS 
Non-Inverting Super Driver (IE23D) 


Std. Non-Inverting (IE94 1 


12) Ee ee a 


NOTES 


REPRESENTATIVE ECL INTERFACE MACROS _ 


FMAX MAX. FAN OUT 
DESCRIPTION CELLS | (MHz) 


(Loads) 


Egos! oe eee! 

eee Seen 
[DifferentialCML(IE31) | 2 | 800 | 
a ae 

Se ae 


= 
i 

i 

\ 

| 

i 

‘ 

i 

i 

H 

iF 

i 

\ 

i 

j 

1 

; 

4 

{ 

: 


The Q20000 Series allows for a special type of ECL 
output macro which incorporates a Darlington output 
configuration. These macros maintain standard ECL 
10K, 10KH and 100K output levels, while netting an 
improvement in drive capability and toggle frequency 
over standard ECL outputs. While requiring dual 
power supplies, the Darlington output macros will 
accommodate 25 or 50 ohm loads in a single I/O 
location while maintaining ECL standard levels. 


Bidirectional ECL operation is available using two 
adjacent I/O cells. 


DELAY 
(COMS, Max) 
(ps) 


POWER 
(Typical, mW) 


314 


8 

Pas 
| 
| 
| 


| 
| 
| 
| 


nc 


| 

| 

| 
| 

| 
an 
| | 
iB] | 
| | 
! 
a ed 
| | 
| 


1 Maximum Worst-Case Prop Delays (unloaded) are for the slowest path. Vee = -4.75, Ty = 130°C (Commercial) 


2 At Vee = -5.2V, Vcc =+5v for Darlington outputs. Does not include loer. 


Table 7 
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TTL INTERFACE 


TTL signals can enter from any I/O cell. Once on-chip, 
TTL signals are automatically converted to internal 
voltage levels for internal logic operations. 


VO POWER SUPPLY CONFIGURATION 

/O Mode 
ECL 100K 

ECL 10K, 10KH 


| 


m 
m 
< 
.?) 
QO 


| 


—4.2 to -4.8V* 
—4.7 to -5.7V 
—4.2 to -4.8V" {4.5 to 5.5V 


| 

|ECL 10K, 10KH 4.710 -5.7V_ |4.5 to 5.5V 
[ECL 100K/TTL 4.2 to-4.8V* |4.5 to 5.5V 
Bidirectional TTL operation is available in single cell ECL 10K, 10KH/TTL | -4.7to-5.7V |4.5to 5 5V | 


Se eC M Cee soe manlene: * May be configured wih a 57 supply. Consult AMCC for DG 
POWER SUPPLY CONFIGURATIONS Paremetiies 


On the Q20000 Series arrays there are four basic 
interface configurations: single-supply ECL, single- 
supply TTL, and dual-supply and single-supply mixed 
TTL/ECL. Power supply requirements for each mode 
of operation are shown in Table 8. Representative 
TTL I/O configurations are summarized in Table 9. 


Signals leaving the array are translated from an internal 
voltage level to TTL level in the I/O cell. Following this 
translation, TTL outputs are available in totem pole, 
3-state or open collector configurations. TTL outputs, like 
inputs, can be configured with any I/O cell. 


— 
@) 
rr 
—_ 
ro) 
) 
A 


Table 8 


REPRESENTATIVE TTL INTERFACE MACROS ° 


DELAY : 
FMAX | MAX. FAN OUT (COMS, Max) POWER 
DESCRIPTION CELLS | (MHz) (Loads) (ns) (Typical, mw) 
INPUTS a a re 
Nor-inverting, Buffered (1712) ae ee a ee 


0.76 
5.1 


OUTPUTS ae ae DRIVE 
2-Input NOR (OT22) 
Tri-State, 2-Input NOR (OT36) | 2 | 45 


BIDIRECTIONALS | famouyf | vty | 
2-Input NOR (UT31) | 2 | 100/45 063/59 | 89 
inverting, Controlled Edge Rate (UT70) 100/60 76 / 9.27 a ee 


Notes: 
1 Maximum Worst-Case Prop Delays (unloaded) are for the slowest path. Vcc = 5.0V, Ty = 130°C(COMMERCIAL) 
2 Computed at Vcc = +5.0V, Tri-State enabled. Macro Icc average. 

3 All specifications reflect release version (210). 


Table 9 
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Q20000 TTL LOAD CIRCUITS 


(see Note 2) 


*Used only 
for open 
collector 
outputs 


tPLH 
CL = 15pF 
Vm = 1.5V 


(see Note 1) 


LOAD CIRCUIT FOR 2-STATE OUTPUTS 2-STATE WAVEFORM FOR INVERTING 


Figure 4 Figure 5 


(see Note 2) 


VIN 


Ci = 15pF 
Vm = 1.5V 


VmM=1.5V CL=15pF Ri= 2802 VmM=1.5V Cr=15pF Ri=2800 


3-STATE LOW LEVEL TO DISABLE 3-STATE HIGH LEVEL TO DISABLE 
AND DISABLE TIME TO LOW LEVEL AND DISABLE TIME TO HIGH LEVEL 


Figure 8 


3-STATE TEST CIRCUIT SWITCH TABLE 
psi se 


TEST FUNCTIONS 
een | pen |S 
FROM OUTPUT 
UNDER TEST [tm | osed [Open | 
cL ee 
(see Note 1) pt ose | Closed _| 


NOTES: 

= 1. Standard TTL load circuit used for macro specification. 
CL includes probe, jig and package. 

3-STATE LOW LEVEL TO DISABLE 2. Vin = 0 to 3.0 volts. 


AND DISABLE TIME TO LOW LEVEL 


Figure 9 
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ECL LOAD CIRCUITS ~~ Q20000 


(see Note 1) 


Vit 


LOAD CIRCUIT FOR 2-STATE OUTPUTS 2-STATE WAVEFORM FOR INVERTING 


Figure 10 Figure 11 


(see Note 2) ee Ge 
VIN tPLH 


Vm 
Vm 


Ci = 5pF 
Ri = 502 
Vout Vm = 1.3V 


2-STATE WAVEFORM FOR NON-INVERTING FUNCTIONS 


Figure 12 


NOTES: 
1. Standard ECL load circuit used for macro specification 
see Figure 10. 
2. Vin = VinmMax to ViLMIN. 
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INTERNAL LOGIC CELL CAPABILITIES LSI functions. The higher functionality macros provide 
the advantages of higher speed, lower power and 
increased circuit density over a logically equivalent 
SSI macro implementation. 


The Q20000 Series internal logic cells are all identical 
in structure and are uniformly positioned in a 
Sea-Of-Cells matrix across the internal core area of 
the array. Each cell contains 17 uncommitted 


transistors and 13 resistors. The cells are individually Table 10 lists parameters for a number of 
configurable to provide a variety of logic functions representative Q20000 Series internal macros. The 
through the use of the Q20000 Series macro library. typical power for each macro option can be estimated 
The macro library provides SSI, MSI and some basic using the value given in Table 10. 


TABLE 10. REPRESENTATIVE INTERNAL MACROS? 


CELLS COMS5 DELAY (ps) TYPICAL POWER (mW) 


LOW POWER HIGH 
STD HIGH POWER | LOW POWER STD. POWER 
(MIN/MAX) (MIN/MAX) (MIN/MAX) (MIN/MAX) (MIN/MAX) 


OPTIONS 
24/28 | 369/109 253/642 165/684 | 525 
pL 


(MIN/MAX) 

ee ae 
pee | 
223 | 199/403 143/254 136255 | 33 | 


193/867 122/411 81/274 
170/827 105/338 86/271 


FUNCTION 


4 Bit Adder (ADDO0) 


8 Bit Comparator 
(CMPO0) 


1:2 Decoder (DE04) 


2 Input EXOR/EXNOR 
(EX31) 


Flip/Flop w/ AR;Q, QN 
(FF 10) 

D Flip Flop; Q output 

| 4 Input OR/NOR (GT00 
| 8 Input OR/NOR (GT60 
| 2-4 AND-OR Tree 
(GATOO) 

D Latch (LA11) 

2:1 Mux (MX 13) 


NOTES: 

1 Minimum/maximum delays are for the fastest and slowest edges: data paths for gates, muxes, decoders, and comparators, Clock to Q for 
F/F’s and latches. 

2 Power calculated with Veg = -5.2V , Ty = 130°C (COMM). 

3 All specifications reflect release version (210). 
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AME 


RECOMMENDED OPERATING CONDITIONS - COMMERCIAL — __ RECOMMENDED OPERATING CONDITIONS - MILITARY 


= 


| ECL Supply Voltage ECL Supply Voltage 
(VEE) Vec = 0 (VEE) Vcc =0 
| 10K, 10KH Mode 10K, 10KH Mode 
| 100K Mode 100K Mode 
| ECL Input Signal ECL Input Signal 
Rise/Fall Time Rise/Fall Time 
| ECL Input Voltage TTL Supply Voltage (Vcc) 
| TTL Supply Voltage (Vcc) TTL Output Current 
| TTL Output Current 20 Low(lot) 
| Low(lot) Operating Temperature -55 
| Operating Temperature 70 (ambient) 
(ambient) Junction Temperature 
Junction Temperature 130 * ~~" -5.7V is possible. Consult AMCC for ECL 100K DC 


parametric operating at this voltage. 


ABSOLUTE MAXIMUM RATINGS* 


ECL Supply Voltage Vee (Vcc = 0 


TTL Input Voltage (Vee = 0 


Operating Temperature -55°C (ambient) to 
+125°C (case 


Operating Junction Temperature Ty +150°C 
Storage Temperature 5°C to +150°C 


Long term exposure at these limits may result in permanent 
change or damage to the circuits. Actual circuit operation at 
these conditions is not recommended nor implied. 


aes a 


* 


AC ELECTRICAL CHARACTERISTICS 


TEST 

fave] rere cot a 
| teo® | ECL Input Propagation Delay Including Buffer leaas_— | | 9 | 263 | 57 | 81 | ps 
[tio | TTL Input Propagation Delay Including Buffer IT50H_ | | 8 | 85 | os | 602 | ps 
I topp = _| ECL Output Propagation Delay - Darlington OK40S | NoLload | 185 | 340 | 157 | 356 | ps | 
to's 1 TT. Qu Bepaane: Gri, Simded STS fend a RE BBE AIT ee] 
treo | intemal Equivalent Gate Delay | Lom Power __|_}_20_|_260_|_120_1_250_1_ps_ 

Standard || 05 | 75 | 105 | 175 | ps 
| Fmaxt___| intemal Flip/Flop Toggle Freq. | High Speed | | 5] 8.25 | GH 
| = er | ECLinputFrequency at | SimaleEnded | a0 P00 |e 
ha Package Pin’ DifferentialHigh Speed | | | 800: |S] 800 | Mz 
| |Driver e825] 
| |Single-Ended | || 850 | 850 | MHz 
| Foret | ECL Output Frequency at =| Differential = | | 8 |. | GHz 
| Peeoaehn | Darlington =| TT 00 S| 00M 
| pOMES ts 25 GH 
pr | Pump rrgcuency at} Standard —_{__{_{ eo |_| so 1 Miz 
| pate Ee [HignSpeed | | T0010 | Mz 
| Foa™ | Tou Frequanay at [Le Rater ae 
ile Fackage Pin [Standard Mz 


Based on package selection. 


awh, 
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OPERATING CONDITIONS 


3 
| Vinmn® | Vo ~1255 


| 
} 
i 
1 


[Vima® | ——Veo-1510 Vco-1490 Voo-1475 Voo-1450 Veo-1400 | = =omv si 


| | 
| Votmin Vcc-1980 Vec-1980 Vec-1980 Vcc-1980 Vec-1980 | mv | 
|_Virmin® Vec-2000 Vec-2000 Vec-2000 Vec-2000 Vec-2000 | mV 


oe een eae | 
Pin?@max TS a a A 


ECL 100K INPUT/OUTPUT DC CHARACTERISTICS Vee = -4.5V°" 


| MIL -55°/+125°C ‘unr 
[svmeo.] PARAMETER TESTE CONDITIONS [win [typ | MAX | MIN. | TYP | MAX [o™| 
| Von | Output Voltage HIGH| Loading is 50 Ohms to -2V_| Voo-1035 |__| Voo-850 | Voo-1080| | Voo-895 | mv | 
| Vow | Output Vottage LOW | Loading is 50 Ohms to -2V_| Vco-1830 |_| Voo-1605 | Voo-1880 | | Voo-1595 | _mv | 
Vian? | Input Voltage HIGH | Maximum input voltage HIGH | Voo-1145 |_| Voo-800 | Voo-1145 || Voo-800 | mv | 
Tu? | inputLow Current |Vw=Vamin sss] SCdSSC*sdSC‘(j ST 


< 
ro) 
on 
ao 
< 
re) 
t 
R 
oO 
> 
He 
® 
ND 
° 
oS 
ro) 
a 
oa 
0 
oO 
< 
Q 
t 
n 
& 
<|< 


z) 


SYMBOL PARAMETER TEST DC CONDITIONS | _COMM0°/+70°C_| UNIT | 
srveo. [_TesTocconomons aR ma La Rey Ma 


5 Guaranteed input HIGH 
3 commen [foe [Loe 
| Vie DPALEOW voltage voltage for all inputs 


| Vor [ouputtow votage | voc=mn  asama [| foe ff oa v_| 
| rior=20mal |. |05 |. |. |.o5 |v] 
for [BRETTON Yvcceunvernzer [ao | |» | [| | m 
fen [SEEerenLOW |vcnmaveroy | | | || | o | m | 
Pin? | inputLowcurrent | Vec=MaxVw=05v. | | =| o4 | | | -o4 | ma _| 
1 Data measured with Vee = -5.2+ .1V (or Vcc = 5.0 +.1V for +5V ref. ECL 10K) assuming a +50°C rise between ambient (Ta) and 


junction temperature (Ty) for -55°C, 0°C, +25°C, and +70°C, and a +25°C rise for +125°C. Specifications will vary based upon Ty. See 
AMCC Packaging and Design Guides concerning Von and Vor adjustments associated with Ty for packages and operating conditions. 

2 «Per fan-in. 

3 Data measured at thermal equilibrium, with maximum Ty not to exceed recommended limits. See AMCC Packaging Guide to compute 
Ty for specific package and operating conditions. For +5V ref. ECL 100K, Vou and Vor specifications will vary based upon power 
supply. See AMCC Design Guide for adjustment factors. 

4 Typical limits are at 25°C, Vcc = 5.0V. 

5 ‘These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. Use extreme care in 

defining input levels for dynamic testing. Many outputs may be changed at once, so there will be significant noise at the device pins 

and they may not actually reach Vit or Vin until the noise has settled. AMCC recommends using Vit S 0.4V and Vin 2 2.4V for dynamic 

TTL testing and Vitmin and Vitmax for ECL testing. 

For standard speed options only. 

See figures 4-9. 

See figures 10-12. 
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DEVICE SPECIFICATION 


FEATURES 


« On-chip high frequency phase-locked loop 

e Up to 1.25 GHz capability 

e Edge jitter as low as 50 ps (pk-pk) 

¢ 900 and 3000 gates of customizable digital logic 

¢ Utilizes proven Q20000* Series macro library 

¢ 100ps equivalent gate delays 

e Ultra low power (.5-1.0mW/gate) 

¢ 10K, 10KH, 100K ECL, PECL and mixed ECL/TTL 
capability 

¢ Speed/power programmable logic and I/O 

¢ Operation over commercial and military ranges 

¢ Up to 95% utilization of digital logic 


¢ Full logic simulation modeling support of 
PLL functions 


PERFORMANCE SUMMARY 


| PARAMETER VALUE 


Phase-Locked Loop 

Operating Frequency 

Edge Jitter (pk - pk) 

Residual BER 

Acauisiti 

Digital 

Typical Gate Delay 

Maximum Toggle Frequency 
Maximum TTL Input Frequency 
Maximum TTL Output Frequency 
Maximum ECL Input Frequency 


125 MHz - 1.25 GHz 
50 - 100 ps 


100 - 250 ps 
1.25 GHz 
100 Mhz 

60 MHz 
1.25 GHz 
1.25 GHz 


PRODUCT SUMMARY 


Equivalent Gates 
Full Adder Method 


1/0 Pins 

Package | 132 
LDCC LDCC | LDCC LDCC 

PLL Related 


Loop Filter 

Signals 

Powers & Grounds 
Digital 

Signals 

Powers & Grounds 


AC Monitor & Thermal 
Diode 


Maximum Total 
Power (W 
Availabilit 


TABLE 2 
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Program- 
mable 


Divider 


Voltage Controlled Oscillator (VCO) 


FIGURE 1 


APPLICATIONS 


¢ High speed datacom ¢ Video shift registers 
¢ High performance telecom ¢ Frequency synthesis 
e Timing generation circuits ° Self-timed systems 


DESCRIPTION 


The AMCC Q20P010 and Q20P025 PLL logic arrays 
offer gate densities of 900 and 3000 equivalent gates 
with a high frequency phase-locked loop on-chip. 
Combining a PLL with user-definable Q20000 series 
arrays, the Q20P010 and Q20P025 are tailored for high 
speed serial communication, video, and clock 
generation applications. 


Clock synthesis and clock recovery macros are 
available for the on-chip phase-locked loop. Speed 
options ranging from 125 MHz to 1.25 GHz are 
available. Complete simulation models, implementing 
all CSU/CRU functions, are available for digital logic 
simulation on Mentor and Valid workstations as well as 
the LASAR simulator. Lock detect, local and link 
loopback features are also selectable options. 


For the digital logic portion of the array, an extensive library 
of SSI and MSI macros is available as part of AMCC’s 
MacroMatrix™ design kit. Latches, parallel-to-serial 
converters, encode/decode functions, high speed shift 
registers, bit error rate Computation and divide-down 
counters can easily be assembled to operate in 
conjunction with the phase-locked loop to meet specific 
application needs. 


*This device specification is an addendum to the Q20000 Series 
device specification. 
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Q20P010/Q20P025 


DIGITAL LOGIC 


The Q20000 Series is the industry’s first ECL logic array 
family to utilize a channelless architecture called 
Sea-of-Cells™ .. The Sea-of-Cells organization 
eliminates the dedicated routing channels between cells 
thereby doubling the core density. Utilization is 
maintained at greater than 95% due to three layer metal 
interconnect and AMCC’s state-of-the-art place and 
route system. A full complement of SSI and MSI macros 
is offered with low power, standard and high speed 
options. 


To minimize noise injection from the core logic into the 
PLL section of the device, all core logic must be 
operated synchronously with the PLL. 


DEVICE ARCHITECTURE 


PHASE-LOCKED LOOP MACROS 


A selection of clock synthesis and clock recovery 
macros are available for the on-chip phase-locked loop. 
PLL center frequencies of 1000, 1062, and 1244 MHz 
are available with user selectable divide ratios of 1, 2, 
4, and 8. This results in speed options of 125, 133, 155, 
250, 266, 311, 500, 531, 622, 1000, 1062, and 1244 
MHz that are available to operate synchronously with 
the logic in the digital portion of the array. Additional 
frequency options can be created to meet specific 
design requirements. AMCC defined loop filter 
components for each frequency option have been 
established for applications with divide ratios up to 64, 
transition densities of 830% - 70%, and run lengths up to 
64 bit times. Lock detect, local and link loopback 
features are also available options. 


Representative Transmitter Block Diagram 


Serial Out + 
Serial Out - 
Encode Encoder/ paren 
Latch = < Serial Loop Out + 
Data Latch Framer 
Conv. Loop Out - 
i Loopback Loop Enable 
am Control 
Clock Frequency Lock Detect 
Synthesizer 
Control 
BERT Generation 
And Mode Select 
Clock Control 
FIGURE 2 
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DEVICE ARCHITECTURE Q20P010/Q20P025 


ENCODING/DECODING 


High speed datacom and telecom applications 
frequently require a standard encoding scheme to 
ensure favorable bit stream characteristics and 
inter-operability. AMCC initially offers an 
encoder/decoder scheme implemented using standard 
macro library components. Popular in datacom 
applications, IBM’s 8B/10B encoding scheme offers 
DC-balance and short run lengths in an efficiently 
architected implementation. The 8B/10B macros are 
available under a licensing and non-disclosure 
agreement. Other preferred encoding and decoding 
schemes can easily be designed using the digital portion 
of the Q20P010 and Q20P025. 


FLEXIBLE I/O STRUCTURE 


The Q20P010 and Q20P025 array I/O cells are 
configurable to provide a flexible range of interface 
options. The I/O cells are designed to interface with 
standard (-5.2V or 4.5V) and positive reference (+5V) 
ECL 10KH and ECL 100K or TTL thresholds. The mixed 
ECL/TTL capabilities allow interface to both 
technologies on a single chip without the use of external 
translators. For dual power supply devices, the I/O is 
also capable of a Darlington-type ECL output which 
provides significant improvement in drive capability, 
toggle frequency, and power dissipation over standard 
ECL outputs. For TTL signals, a special low-noise, 
low-power controlled edge rate, single cell bidirectional 
I/O macro is available for use in Q20P010 and Q20P025 
Circuits. 


Representative Receiver Block Diagram 


Serial In + 
: Clock 
Serial In - 

ECL Recovery pe te 
seeps Receiver Unit =P, 
Loop In - (PLL) 

Loop Enabl Loop- 
ea a back 
Control 

Lock Detect 


Parallel 


Serial/ Decode 
N 
pany 7 Conv. , | Decoder Latch ee. 


Generation 


Out Of 
Frame 


Frame 
Detect & 


Latch > 


Data 


Clock 


Pe dees 


BERT Gen & Control 


Reference Mode 
Clock Select 
FIGURE 3 
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Q20P010/Q20P025 HIGH SPEED I/O CONNECTIONS 


HIGH SPEED I/O CONNECTIONS 


The high speed ECL compatible differential inputs in _data paths and ensuring low jitter interfaces. Figure 4 
both the CRU and CSU macros have a built in 100Q shows some examples of high speed CSU/CRU input 
termination resistor across the differential pair, and output connections. 


eliminating terminating components in loopback and 


High Speed Input and Output Applications 


CSU LPDATOP to CRU LPDATIP 
CRU LKLPCLOP to CSU LKLPCKIP 
CRU LKLPDTOP to CSU LKLPDTIP 


+ + 


HIGH SPEED CAU/CSU OUTPUT INTERNAL 1002 
TO HIGH SPEED CSU/CRU INPUT] TERM. 


+ + 
OPTICAL SERDATIP 
TO 
ELECTRICAL ase 
3300 


INTERNAL 100 
TERM. 


ECL COMPATIBLE OUTPUT 
TO CRU HIGH SPEED INPUT 


500 
TRANS. 
LINE = 2 


rs INTERNAL 100 
UNBALANCED ECL SIGNAL SOURCE TERM. 
TO HIGH SPEED CRU INPUT 


ELECTRICAL 
To 


OPTICAL 
TRANSMITTER 


CSU SERIAL DATA OUTPUT 
TO ECL COMPATIBLE 
TRANSMITTER INPUT 


FIGURE 4 
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PHASE-LOCKED LOOP OVERVIEW 


PHASE-LOCKED LOOP 


The basic phase-locked loop components are shown in 
the PLL block diagram (Figure 5). The loop consists of 
a phase detector, which compares the phase difference 
between the VCO and the reference input, a loop filter, 
which converts the phase detector output into a smooth 
DC voltage, and the VCO, which generates a frequency 
based on its input voltage. 


Metal pattern implementations on AMCC-provided PLL 
building blocks differ for clock synthesis and clock 
recovery. This is due to the differences in reference 
inputs to the phase detector. In the case of the clock 
synthesis PLL, the reference input is a very stable 
crystal-based source. For clock recovery from a serial 
data stream the reference input has varying transition 
density; i.e., different run lengths of 1’s and 0’s with short 
term frequency variations. 


The loop filter generates a control voltage for the VCO 
input based on the output of the phase detector. 
Different sets of loop filter components must be 
specified for both the clock synthesis and clock recovery 
applications. Appropriate filter components will be 
required for different encoding schemes, acquisition 


Q20P010/Q20P025 


time requirements and system noise environments. 
AMCC provides on-chip selected sets of resistors and 
capacitors appropriate for specific system conditions. 


SPECIAL FEATURES 


LOCK DETECT 


For CRU macros, lock detect indicates the phase state 
of the PLL relative to the incoming data stream. Control 
pins from the core logic area permit lock detect to be 
indicated after 512, 1024, 2048, or 4096 bit times 
depending upon loop filter parameters. On CRU 
macros, if the serial data inputs have an instantaneous 
phase jump, the CRU will not indicate out-of-lock state, 
but will recover correct phase alignment within the 
pre-loaded bit times. 


For the CSU macro, lock detect indicates the phase 


~ State of the PLL relative to the incoming reference clock. 


Phase-Locked Loop Block Diagram 


Phase 
Detector 


Voltage Controlled 
Oscillator (VCO) 


FIGURE 5 
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LOOPBACK MODE 


Local Loopback 


For datacom or telecom applications, local and link 
loopback is supported. Local loopback requires both a 
transmit chip and a receive chip. When enabled, serial 
encoded data from the transmit chip is sent to the 
receive chip where the clock is extracted and the data 
decoded. The parallel data is then sent to the subsystem 
for verification. This loopback mode provides the 
capability to perform offline testing of the interface to 
guarantee the integrity of the serial channel before 
enabling the transmission medium, and allows system 
diagnostics. 


Link Loopback 


Link loopback provides a means for link testing. When 
link loopback mode is enabled, the transmitter accepts 
serial clock and data from the receiver chip. The serial 
data is reclocked using the link loopback clock to 


PHASE-LOCKED LOOP OVERVIEW 


minimize the data distortion and then transmitted via the 
serial data output pins. Link loopback can also be used 
to implement a repeater function, with clock jitter and 
data distortion determining the number of repeaters 
allowed. 


TEST/BYPASS MODE 


Clock recovery and clock synthesis macros have 
testability input pins to aid in functional testing or PLL 
clock bypass tests. “Test Clock Enable” places the 
macros into test mode. An externally generated clock 
can then be input via the reference clock inputs. The 
PLL clock bypass path is capable of operating at 
1.25 GHz to allow at speed testing of the chip functions 
or for applications in which a user selectable external 
clock signal needs to be supported. 


Loopback Diagram 


Data In| > 


Control 


Transmitter 


Link 
Loopback 


Local 
Loopback 


Data Out Receiver 


CLK 


| >Data Out 
Receiver CLK 
aes 
! 
wx 
i= 8 ra} 
J q@ 2 =< 8 
1 og co 
1-8 —! 6 
- 3 
| 
] 


Transmitter <— Data In 


Control 


FIGURE 6 
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FREQUENCY SYNTHESIS MACROS 


Clock Synthesis Macros 


The clock synthesis PLL will generate a high frequency 
clock in phase with the input reference. A typical 
frequency multiplication factor is 20, with extension as 
high as 64. Critical parameters for the clock synthesis 
PLL are jitter and accuracy. AMCC loop filter 
components are set to optimize the loop for minimum 
phase jitter and maximum accuracy, with less emphasis 
on acquisition time. Loop filter parameters can be varied 
by AMCC on a custom basis. 


Specifications 


Input Reference Frequency - The input reference 
frequency can be a selected divide ratio of the synthesized 
clock frequency. The maximum divide ratio is 64. 


Q20P010/Q20P025 


Reference Clock Jitter - The reference clock needs to 
be generated from a stable source such as a crystal 
oscillator. The allowable rms jitter cannot exceed .04 % 
of the reference clock pulse width. 

Input Reference Stability - The reference clock 
stability should be less than 100 ppm. 

Acquisition Time - The loop acquisition time will 
depend on the loop filter parameters. (1.0 us to 250 
us values are typical) 

Edge jitter - The output edge jitter will depend on the 
loop filter parameters. (50 to 100 ps pk-pk values are 
typical) 

Supply Voltage Sensitivity - Power supply noise 
rejection will be between 40 and 60 dB depending on 
the noise spectrum. 


Clock Synthesis Macro Diagram 


oes Ref Clk Out [REFCKOUT] 
k Detect [LOCKDET] (T) 
REFCKINP/N] (E) Ref. Clk In = 
: _? Tock Detect A [LOCKDETA] 
[BYTCLKIP/N] Byte Clk oe | 
Loop 
Filter 
[DIVNCNT<0:2>] Bit Cik 
Divide Control oe 
RS Reset 
nee Voltage 
[TSTRST] Tst Reset = Controlled 
[TSTCLKEN] (T) Test Clk En ame ee Cacllator Testen [TESTEN] 


ae Serial Ck Out. [SERCLKOP} 


{SERDATEN] Serial Data En 
= 2:1 Serial Data Out [SERDATOP/N] (E) 
{LKLPCKIP/N}] (E) Link Loop Clk In MUX 


[SERDATIP/N] Serial Data In Loop Data Out [LPDATOP/N] (E) 


{LKLPDTIP/N] (E) Link Loop Data In 


{LNKLPEN] Link Loop En 
(LOCLPEN] Loopback En 
[VCOOEN] Vco En 


FIGURE 7 
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Q20P010/Q20P025 | CLOCK RECOVERY MACROS 


Clock Recovery Macros 


The clock recovery PLL will generate a clock which is at 
the same frequency and 180 degrees out of phase with 
the serial data input. This generates clock and data 
outputs from the incoming serial bit steam which feeds 
the subsequent parallel conversion. An external clock 
reference is used to reduce initial acquisition time and 
to provide stability in the absence of serial data. The filter 
parameters are set to optimize the loop for the 
anticipated serial data input characteristics. These 
include: maximum run length and transition density of 
1’s or O’s, and the jitter associated with the fiber optic 
link. Loop filter parameters can be varied on a custom 
basis by AMCC. 


Specifications 


Input Reference Frequency - The input reference 
frequency can be a selected divide ratio of the VCO 
clock frequency. The maximum divide ratio is 64. 


Reference Clock Jitter - The reference clock needs to 
be generated from a stable clock source such as a 
crystal oscillator. For maximum performance rms jitter 
should not exceed .04 % of the reference clock pulse 
width. 


Input Reference Stability - The reference clock 
stability should be less than 100 ppm. 


Acquisition Time - The loop acquisition time will 
depend on the loop filter parameters. (1.0 us to 250 ps 
values are typical) 


Edge jitter - The edge jitter will depend on the loop filter 
parameters and the serial data input specifications. (50 
ps to 100 ps pk-pk values are typical) 


Supply Voltage Sensitivity - Power supply noise 
rejection will be between 40 and 60 dB depending on 
the noise spectrum. 


Data Rate - The possible serial data rates from which a 
clock can be recovered will be grouped around the VCO 
center frequency and integer divide ratios of 1,2, 4, and 


Allowed Data Jitter - The allowed input data jitter will 
be a function of the acquisition time, the loop filter 
parameters, the data rate and the allowed bit error rate. 
The jitter specification includes duty cycle distortion, 
random jitter and data dependent jitter. 


Pull In Range - The pull in range of the VCO is + 6%. 


Bit Error Rate - Bit error rates of 10°! or lower are 
achievable. 


Clock Recovery Macro Diagram 


[LCKDETOV] Lock Det. Overide Ref Cik Out [REFCKOUT] 
pe Detect [LOCKDET] (T) 
[REFCKINP/N] (E) Reference Clock 
Lock Detect A [LOCKDETA] 
[SERDATIP/N] (E) Serial Data In s—4 Phase 
[LPDATIP/N] (E) Loopback Data In| 2, Detector 
[LOCLPEN] Loopback En Sa ay Loop 
[ACQCTL<0:1>] Acquisition Contro|| Filter 
[BYTCLKIP] Byte Cik ee 
i lest 
[DIVNCNT<0:2>] Bit Clk Control = fr sae} oe 
Oscillator 
[TSTCLKEN] (T) Test Clock En Test Clock En. [TESTEN] 
sl —— Sere Cock Ou —_[SERCLKOP! 
[TSTRST] ——_Teat Reset — eaegeninn Four k Gower Ou [FRKONT] 
sam [] 
IACOCONT] hace ea pH Link Loop Clock Out [LKLPCKOP/N] (E) 
et Serial Data Out [SERDATOP] 
————» Package Pin 
———> Atay Connection a Sa Link Loop Data Out [LKLPDTOP/N] (E) 
(E) ECL 
™ TH 
FIGURE 8 
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ELECTRICAL CHARACTERISTICS Q20P010/Q20P025 


TTL Controlled Edge Rate BiDirectional /O Macro 
AC Electrical Characteristics 
(Dual Supply +5V/—5.2V or —4.5V) 


COM MIL 
SYMBOL PARAMETER Test Conditions 0°C to 70°C —55° to +125°C UNIT 
| omin [MAX | 


Propagation Delay, 


TOPD-+ — | TTL Output 4174 | 6.942 | 7.226 me 
8.066 


Propagation Delay, 
TIPD++ TTL Input Propagation 
TIPD—+ TLL Input Propagation 


TPLZ Output Disable Time refer to the 
from Low Level Q20000 Data Sheet 
TPHZ Output Disable Time refer to the 


TPZH Output Enable Time to refer to the 
High Level Q20000 Data Sheet 
TPZL Output Enable Time to refer to the 


TABLE 3 


High Speed ECL Output 
AC Electrical Characteristics 


COM MIL 
SYMBOL PARAMETER Test Conditions 0°C to 70°C —55° to +125°C 
MAX 
TPD+- _| ECL Output Delay, 
oes 


Rising Edge. 15pF 
[Fout | ECLOuputFrequency | 


TABLE 4 


| MIN 

| 203 | 382 

| 43 | oe 
TPD-+ ECL Output Delay, | Notoad = |e | 80 

| 556 | 1009 

a 


Minimum and maximum specifications account for temperature, voltage, and process variations over the given operating range. 
For complete specifications, refer to the Q20000 Device Specification and Q20000 Array Series Design Manual. 
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Q20P010/Q20P025 | PACKAGING 


PACKAGING 


The Q20P010 and Q20P025 PLL arrays are available 
in surface mount technology offering loop filter elements 
mounted on the package. All packages have been 
custom designed by AMCC to offer controlled 
impedance on high speed signals and minimal digital 
noise injection to the PLL area. For complete details 
consult the AMCC Packaging Guide. 


PACKAGE AVAILABILITY & THERMAL CHARACTERISTICS 
Ojc in °C/W 


PACKAGE TYPE Q20P010 Q20P025 


68 LDCC 
100 LDCC 
132 LDCC 


100 Lead Hermetic Ceramic Leaded Chip Carrier 


25 mil center 


FIGURE 10 
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68 Lead Hermetic Ceramic Flatpack 


PIN 1 IDENTIFIER 


50 mil center 


FIGURE 9 


132 Lead Hermetic Ceramic Leaded Chip Carrier 


PIN 1 IDENTIFIER 


25 mil center 


FIGURE 11 
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SPECIFICATION 


IME 


BiCMOS LOGIC ARRAYS Q24000 


DESCRIPTION 


The AMCC Q24000 Series of BiCMOS logic ar- 
rays is comprised of six products with densities 
ranging from 720 to 13440 equivalent gates in- 
cluding a structured array with a high perfor- 
mance Phase-Locked Loop*. The series is 
optimized to provide CMOS densities with bipo- 
lar performance for today’s sophisticated 
semicustom applications. 


The Q24000 Series combines 1.0-micron 
CMOS features with an advanced 1.5-micron 
oxide-isolated bipolar process on a single silicon 
chip. AMCC’s BiCMOS is especially optimized 
for high speed utilizing a BiCMOS core with pri- 
marily bipolar devices in the I/O. The BiCMOS 
process uses an N-type epitaxial layer as the 
foundation for both the NPN bipolar and CMOS 
devices. The CMOS transistors are used for 
logic implementation only while bipolar devices 
are utilized for drive capability necessary for 
large intermacro connections. For high perfor- 
mance systems, such capability is necessary to 
drive high fanout and large metal interconnect. 


In addition, the Q24000 Series is highly flexible 
providing interface to ECL 10K, ECL 100K, TTL, 
CMOS or mixed CMOS/ECL/TTL systems. 


Table 1. Performance Summary 


Typical internal gate delay 
1 load, no metal .31 ns 
2 load, 2 mm of metal .40 ns 

Typ. internal F/F toggle frequency 

Typ. input delay 
ECL-— 


280 MHz 


1.3 ns 
TTL- 3.0 ns 
Typ. output delay 
ECL- 


TTL- 
ECL compatible output drive 
TTL compatible output drive 
Cell utilization 


Equivalent gates 
internal logic celis 
V/O pads 


Fixed power/ground pads 
Total pads 
Typical power 
1 4.5 Volts supply @ 25°C, 50% inputs/50% outputs; 40 MHz with 20% of internal gate switching. 
* Refer to the Q24P008 device specification for more information. 
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An extensive library of SSI and MSI logic mac- 
ros is available in conjunction with AMCC’s 
MacroMatrix® design kit. MacroMatrix is avail- 
able for use with Dazix, Mentor, Valid and 
Synopsys as well as Lasar 6. 


FEATURES 


Mixed 1.0 Micron CMOS/1.5 Micron Bipolar 
Technology 


e Equivalent Speeds of Second-generation 
ECL - .4nS Gate Delays 


e Extremely Low Power 
e High Density - Up to 13,440 Usable Gates 


e Low Interconnect Delay Penalty - 25 pS/ 
fanout 


e Speed/Power Programmable I/O Macros 


e 10K ECL, 100K ECL, CMOS, TTL or Mixed 
CMOS/ECL/TTL 


¢ Operation from -55°C Ambient to +125°C 
Case 


e Performance Specified to T, = 
mercial, 150°C Military 


e High Output Drive Capability 


130°C Com- 
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Figure 1. Process Cross Section 
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ARRAY ARCHITECTURE 


The Q24000 Series logic arrays are comprised 
of both channelled and channelless architec- 
tures. While the Q24021 and Q24091 are chan- 
nelled arrays, the Q24008, Q24P008, Q24060, 
Q24140 and utilize AMCC’s innovative Sea-of- 
Cells channelless architecture. The Sea-of-Cells 
organization eliminates the dedicated routing 
channels between cells, used in channelled ar- 
ray architectures, thereby increasing the core 
density. 100% routing capability is maintained 
up to 100% utilization with three levels of metal 
interconnect. First level metal is used primarily 
for macro definition while second and third level 
metal handle inter-macro routing. 


The Q24000 Series is a true BiCMOS array. 
Each core cell has BICMOS components, while 
the I/O is comprised primarily of bipolar con- 
struction. BICMOS performance is not limited by 
I/O switching speeds. Core macros employ a 
bipolar totem pole configuration used to drive 
the next function for all macros. The I/O cells 
are highly flexible and can be configured as an 
input or an output. 


Both channelled and channelless arrays utilize 
the same logic cell. The internal logic library is 
* common to both array architectures. However, 
~ the I/O cells between the channelled and the 
channelless arrays are constructed differently. 


The channelled arrays have two types of |/O 
cells. On three sides of the array, the I/O cells 
can be used to implement unidirectional input or 
output. The remaining side of the array can 
implement single-cell bidirectional or unidirec- 
tional I/O functions. However, this does not re- 
strict the number of bidirectional I/Os in the 
channelled arrays. Bidirectional functions can 
also be implemented by tying two unidirectional 
I/Os together. In addition, all I/O cells can imple- 
ment ECL 10K, ECL 100K, TTL, CMOS or a 
mixture of all these technology interfaces on 
one chip. 
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The channelless arrays have only one type of I/O 
cell. All I/O cells implement unidirectional input 
or output. Bidirectional I/Os are created by tying 
two unidirectional I/Os together. In addition, all I/ 
O cells can implement ECL 10K, ECL 100K, 
CMOS, TTL or a mixture of these technology 
interfaces on one chip. 


Figure 2. Q24140 Array Layout 
Sea-of-Cells Architecture 
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LOW INTERCONNECT DELAY 


When considering the performance of a design, 
the interconnect can contribute a significant pro- 
portion of the overall delay. The performance of 
an internal macro is directly related to the drive, 
or k-factor, associated with the macro. Typical 
CMOS drive factors can range from 150 to 250 
ps per fanout. However, each internal macro of 
AMCC’s BiCMOS typically has loading delay 
penalties of 25 ps per fanout, a 6X to 10X im- 
provement. Since the bipolar transistors used in 
the Q24000 Series basic cell yield drive factors 
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Figure 3. Fanout Degradation Comparison 
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Typical Delay of 2-input NOR Gate as Function of Loading 


6 to 10 times lower than those of comparable 
CMOS transistors, BICMOS macros experience 
little performance degradation as fanout loads 
are increased. 


Another benefit to AMCC’s BiCMOS is the sym- 
metric k-factors. Loading delays of 25 ps per 
fan-out apply to both rise and fall delay penal- 
ties. Typically for CMOS devices, p-channel and 
n-channel devices have inherently different 
drive factors. This contributes to uneven k-fac- 
tors for rising and falling edges, further pro- 
nouncing signal skews. Uneven skews 
contribute to pulse width degradation of system 
Clocks, limiting maximum system performance. 
BiCMOS designs can improve high performance 
system speeds due to the minimal loading 
skews. 


HIGH DRIVE CAPABILITY 


TTL output drive strengths of 8 or 20 mA froma 
single !/O cell are available to optimize power 
versus drive strength. Thus, users will no longer 
sacrifice I/O cells for increased drive capability. 
In addition, two output buffers can be used in 
parallel to achieve 48 mA sink current capability. 
Such high drive strength will allow direct inter- 
face to common bus specifications. 


210 MHZ PERFORMANCE 


Even though shrinking geometries have dra- 
matically increased CMOS internal switching 
frequencies, the I/O has not reaped the same 
benefit. CMOS I/O frequencies continue to be 
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less than 100 MHz due to limitations of the I/O 
switching. With AMCC’s BiCMOS the maximum 
switching frequency is not limited by the I/O 
since the I/O is primarily bipolar. Instead 
BiCMOS benefits from the high nominal internal 
switching frequency, yielding a frequency of 210 
MHz under worst case commercial conditions. 


With this performance, applications such as 
high resolution graphics, telecommunications, 
high end personal computers, workstations, and 
military can capitalize on ECL type speeds with 
extremely low power. 


BICMOS INTERNAL LOGIC CELL 
STRUCTURE 


The Q24000 Series internal logic cell utilizes 
both CMOS and bipolar devices. Each cell has 
4 resistors, 8 CMOS transistor pairs with four 
bipolar transistors in a totem pole configuration. 
The CMOS devices are used for logic imple- 
mentation while the bipolar device pairs provide 
necessary drive capability. (See figure 4.) With 
this type of core cell design, each macro ben- 
efits from the additional drive of bipolar transis- 
tors. There is very little real estate penalty from 
the bipolar drivers since they occupy only 10% 
of the entire chip area. There is only one logic 
cell type, simplifying the gate array design pro- 
cess. With such a large cell, macro functions 
such as D latches, 6-input ORs or Exclusive 
ORs can be implemented in a single cell with 
minimum intramacro metal delay penalty. 


POWER CONSIDERATIONS 


AMCC’s Q24000 Series arrays have been de- 
signed for high performance while maintaining 
low power dissipation. The power consumption 
of the internal core of a BiCMOS array is directly 
proportional to the number of gates switching 
simultaneously during a clock cycle and the op- 
erating frequency. Internal power consumption 
for Q24000 Series BiCMOS arrays is approxi- 
mately 20uW/gate-MHz for active gates switch- 
ing during the clock cycle. The core area 
consumes no DC power. Figure 5 plots internal 
power versus the percentage of simultaneously 
switching gates. 


I/O cell power is determined by the interface 
mode selected and the particular macro se- 
lected. Power consumption for representative |/O 
macros is defined in the CMOS, ECL and TTL 
Interface sections of this data sheet. 
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Figure 4. 2—Input NAND Schematic 


Figure 5. Typical Core Power Dissipation 
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Internal Power as Functions of ty Gate Densily and Percentage 
of Simultaneously Switching Gate: 
(Clock Freq. = 50 MHz) 


HIGH SPEED/LOW POWER MACROS 


The Q24000 Series macro library offers maxi- 
mum flexibility in the optimization of circuit per- 
formance and power consumption. I/O macros 
are offered with low power, standard and high- 
speed options. The high speed options require 
somewhat more power than standard and low 
power but provide a significant improvement in 
performance. 


Table 3 illustrates the effects of speed/power 
selections on maximum frequency versus 
power. As the table indicates the overall macro 
performance versus power consumption can be 
varied significantly depending upon the option 
selected. 
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hel Max Freq (MHz) 
Power (mw 
Max Freq (MHz) 
Power (mw 
Max Freq (MHz) 
Power (mw 
Recall Max Freq (MHz) 
8mA Power (mw 
Output Max Freq (MHz) 
(20mA) Power (mw) 
1 Maximum rating frequency under commercial conditions. 
2 ECL power determined at VEE = -4.5V. 


3 TTL outputs illustrated are used for mixed mode. 100% TTL 
mode macros will experience considerably lower power. 


The circuit designer can make the selection of 
speed/power options at the time of schematic 
capture on a supported engineering workstation. 
Through simulation, the designer can fine-tune 
the circuit to provide the required mix of perfor- 
mance and power savings. 


The interface macro sections of the data sheet 
provide additional information on speed/power 
trade-offs. 


FLEXIBLE /O STRUCTURE 


The Q24000 Series I/O cells are configurable to 
provide a wide range of interface options. 


The Q24000 Series arrays also offer the follow- 
ing special options to support various interface 
requirements such as high speed and +5V, 
single-supply ECL and TTL I/O (see Table 4). 
The mixed ECL/TTL capabilities allow the inter- 
face to both technologies on a single chip with- 
out the use of external translators. 


Table 4. Flexible I/O Structure 
|__Input | _Bi-Directional ~—s|_ Output 


TTL TTL Transceiver TTL Totem Pole 
ECL 10K ECL 10K Transceiver TTL 3-State 
ECL 100K Transceiver | TTL Open Collector 

ECL 10K 
ECL 100K 
CMOS 


ECL 100K 
CMOS CMOS 
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PSEUDO ECL 


+5V referenced ECL (PSEUDO ECL) has a 
number of advantages that can improve system 
cost and performance. First, +5V referenced 
ECL mixed with TTL allows a single power sup- 
ply to be utilized in the system. Second, the 
ECL I/O can provide fast on and off chip delays. 
Paired ECL I/O delay can be as a fast as 2.0 
nS, a 60% improvement over TTL I/O delays. 
Pseudo ECL is also ideal for clock lines, provid- 
ing minimal skew for clock distribution trees or 
the capability for differentially driven inputs or 
differential outputs. Differential signals provide 
higher noise immunity. Last of all, mixed +5V 
ECL/TTL, systems can break the 100 MHz fre- 
quency barrier, and still maintain TTL system 
compatibility. 


Table 5. /O Power Supply Configuration 


ECL 100K 
ECL 10K 
ECL 100K/TTL 


-4.2 to -4.8V 
-4.7 to -5.7V 
-4.2to-4.8V | 4.5 to 5.5V 
-4.7to-5.7V | 4.5 to 5.5V 
— 4.5 to 5.5V 
4.5 to 5.5V 


e erface Macros 


INPUTS 
Non-Invert? 1 


25Q Driver 
Bidirectional 


* Under Development 
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ntative ECL Int 
Maximum Delay (ns)1 Maximum Power (mW)2 


High Speed High Speed 


OUTPUTS 
2-Input OR 1 


ECL INTERFACE 


The Q24000 Series BiCMOS arrays can inter- 
face to standard ECL 10K and ECL 100K levels. 
In fact, 10K and 100K output cells can be com- 
bined in one array. 


ECL outputs can leave the arrays from any I/O 
cell and provide 50 ohm or 25 ohm output drive. 
Some 50 ohm output macros incorporate simple 
logic functions within the I/O cell effectively pro- 
viding added density. 


On the channeled arrays, single cell bidirec- 
tional ECL operation is available using one- 
quarter of the available |/O cells. 20 and 40 ECL 
transceiver macros are located along one side 
of the Q24021 and Q24091 arrays, respectively. 
For the channelless arrays, bidirectional ECL is 
achieved by tying two I/O cells together. 


Table 6. Representative CMOS 
Interface Macros 


Maximum Maximum 
Delay (ns)? | Power (mW)4 
INPUT 
Non-inverting 1 3 
OUTPUT 
2-Input OR 1 3.2 


J 
7.7 


ee ee 


1.5 
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TTL INTERFACE 


TTL signals can enter the Q24000 Series arrays 
from any I/O cell. Once on-chip, TTL signals are 
automatically converted to internal operating 
levels for logic operations. TTL outputs are 
available in bi-state or 3-state configurations. 


TTL and ECL I/O can be mixed on each array 
yielding three basic configurations: TTL-only, 
mixed ECL/TTL (dual supply) and mixed ECL/ 
TTL (single supply). Power supply requirements 
for each mode of operation are shown in Table 
5. Representative TTL and TTLMIX I/O configu- 
rations are summarized in Table 8. 


One quarter of the I/O cells on each channelled 
array can be configured to allow single cell bidi- 
rectional TTL operation. All single-cell bidirec- 
tional I/O cells are located along a single side of 
each array. For the channelless arrays, bidirec- 
tional TTL is achieved by tying two |/O cells to- 
gether. 


Table 8. Representative TTL Interface Macros 
Maximum Delay (ns)? 


Standard | High Speed] Low Power| Standard | High Speed 

INPUTS 

Moonee | 1 | so | — | — | oo | — | — | 

OUTPUTS 3 

fe | sy | | oe | | | ow | 

py | = | iw |i | 
5.3 4.1 12.1 


Description 


mmr-QZ—-M 
<r VvVIUCM 


INPUTS 
Noninverting 


OUTPUTS 
2-input OR 


3-state 


->Cco 
<r" vUuCNM 


Bi-directional 


2-Input OR 
(8mA) 


3-state (8MA) 


Notes: 1 Prop Delays are commercial max averaged, 
Vee = -4.2V, Ty = 130°C under no load conditions. 


2 At Veg = -4.8V. Does not include logr. 


3 Prop Delays are commercial max averaged. 
Voc = 4.75V, Ty = 130°C. 


4 At Vcc = 5.25V. 
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CMOS INTERFACE 


CMOS signals can enter the Q24000 Series 
from any I/O cell. For driving CMOS logic de- 
vices, AMCC has designed special macros 
which can maintain the high noise margins of 
CMOS but with improved drive capability of bi- 
polar. With AMCC’s BiCMOS, complete flexibil- 
ity to mix CMOS, ECL and TTL can be 
integrated on a single chip. Translators are no 
longer necessary, reducing board space re- 
quirements. 


Maximum Power (mW)4 
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*Used only 
for open 
collector 
outputs 


(see Note 1) 


Figure 7. 2-State Waveform for 


Inverting Functions 


Figure 8. 2-State Waveform for 
Non-inverting Functions 


Figure 9. 3-State Low Level to High Level 
and Disable Time to Low Level 
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Figure 11. Load Circuit for 3-State Outputs 


FROM OUTPUT 
UNDER TEST 


CL 


(see Note 1) 
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Figure 10. 3-State High Level to Disable 


and Disable Time to High Level 


VM = 1.5V CL = 15pF A, = 20002 


Table 9. 3-State Test Circuit Switch 


Open Closed 


Closed Open 
Closed Closed 
Closed Closed 


Notes: 1 Standard TTL load circuit used for macro specifica- 
tion, see Figures 6 and 7. CL includes probe, jig and 
package. 

2 Vin = 0 to 3.0 volts. 
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INTERNAL LOGIC CELL CAPABILITIES 


The Q24000 Series internal logic cells are all 
identical in structure and are positioned in uni- 
form columns across the arrays. Each cell con- 
tains 16 CMOS and 4 bipolar uncommitted 
transistors along with 4 resistors. The cells are 
individually configurable to provide a variety of 
logic functions through the use of the Q24000 


Table 10. Representative Internal Macros 


3-input NAND 
4-inout NAND 
2-input NOR (DUAL) 
3-input NOR 
4-input NOR 
Exclusive OR 
Exclusive NOR 
Latch with Reset 

DQ 

DO~G 

cC-Q 

coq 
D F/F with Reset 

CQ 

cod 
4:1 Mux 

Data > Y 

Select > Y 


Notes: 1 Driving no loads, commercial max, Vee = -4.8V, Ty = 130°C. 


Series macro library. The macro library pro- 
vides SSI, MSI and some basic LSI functions. 
The higher level macros provide the advantages 
of higher speed, lower power and increased cir- 
cuit density over a logically equivalent SSI 
macro implementation. 


Table 10 lists parameters for a number of repre- 
sentative Q24000 Series internal macros. 


Loaded Delay (ns)2 


tpLH tpHL tpLH 


53 45 
79 99 
78 .84 
81 .O7 


2.20 1.46 
1.88 1.72 


0.90 


2 Driving 4 loads plus 4mm of metal, commercial max, Ve- = -4.8V, Ty = 130°C. 


HARD MSI MACROS 


In addition to basic macros, the Q24000 Series 
incorporates hard MSI macros for faster, more 
efficient designs. MSI macros can decrease de- 
sign time by using large building-blocks rather 
than one-cell macros. Hard MSI macros are 
customized transistor level implementation of 
complex functions as opposed to “soft macros”, 


Typical MSI Macros 


e Y7R 
L_ DECI, 
3:8 Decoder with Enable (6 Cells) 
Path 


ABC SY] 211 | 231 | 248 
fEnabie>v] 208 | 216 | 245 


Notes: 1 Driving no loads, commercial max, V_e- = -4.8V, T, = 130°C. 


which are gate-level implementation through 
logic equivalence. AMCC’s hard macros have a 
distinct advantage over “soft macros” by 1) im- 
proving density in utilizing more transistors per 
cell 2) performance improvement due to opti- 
mized metal interconnect and 3) predictable de- 
lay characteristics from pre-determined layout 
constraints. 


Maximum Delay (ns)! | Loaded Delay (ns)2 


Path 
| 183 | 156 | 220) | 193 
[287 [280 [24 [a2r_ 


2 Driving 4 loads plus 4mm of metal, commercial max, Veg = -4.8V, Ty = 130°C. 
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PACKAGING 


The Q24000 Series logic arrays are available in 
a broad range of standard packages including 
surface mount chip carriers and pin grid arrays. 
Each package is custom designed by matching 
the bond finger layout to the power and ground 
locations of each AMCC BiCMOS array. Spe- 
cial attention has been paid to minimizing resis- 
tances and inductance on power and ground 
pins by using multi-layer construction for pack- 
age power and ground planes. In addition, ca- 
pacitance on signal pins has been minimized 
while consideration for low thermal resistance is 
designed into each BiCMOS package. For 
more details consult the AMCC Packaging 
Guide. 


Table 11. Q24000 Series Standard Packaging 
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SS 


de SEATING 
PLANE 
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Matrix/Maximum Signal /O Count! 


|__Package | Remarks | @24008| @24021 | @24060| @24091 


Leaded Quads 
44 J-lead 
68 J-lead 
84 leaded 
flatpack 


169 PGA Cavity Down 


“BIN 


100 LDCC 
pore IDENTIFIER 


132 LDCC 
196 LOCC 


Pin Grid Arrays® 
68 PGA cavity 0.100 
0.100 ctr 


down center 
84 PGA 
100 PGA 
169 PGA 
225 PGA 0.100 ctr 
301 PGA 0.100 ctr 
1 Signal !/O remaining after thermal diode (2-pins) is used. 
Adding power or ground pins may lower max signal I/O. 
2 Approximate value, depends upon I/O mode and SSO 
requirements. Consult design manual. 
3 All odd number PGAs include an additional pin for orientation. 


0.100 ctr 
0.100 ctr 


Table 12. Table 13. Pad to Pin Interconnection List 


165 (4.19) 

020 (0.51) 
1.768 (44.91) sq. 
1.605 (40.77) sq. 
1.405 (35.69) sq. 
1.205 (30.61) sq. 
1.005 (25.53) sq. 


D 
p1 
D2 
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135 (3.43) 
016 (0.41) 


.995 (25.27) sq. 


D3 

p4 

e 105 (2.67) 095 (2.41) 
Ls 


1.732 (43.99) sq. 
1.595 (40.51) sq. 
1.395 (35.43) sq. 
1.195 (30.35) sq. 


2 
v4) 
28 
2 | Ne 
30 | M3 
31 | P1 

2 | P2 
3 | NB 
4 | Ai 

% | Re 
% | P3 
a7 | Si 

38 | S2 
3 | RB 
40 | 711 

41 |) 2 
42 |) S4 
43) T3 
4 | Uw 
45 | SS 
46 | 14 
47 | U4 
48 | S6 
49 | T5 


6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


ANAZABBABRALBRASRBRSARKARELBR 


® 


BSBQKRRRESBRBLSSBSRSRREBREBIAAAGA 


Page 8-33 


AMG 


Q24000 BiCMOS LOGIC ARRAYS 


DESIGN INTERFACE 


AMCC has structured its circuit design interface 
to provide maximum flexibility without compro- 
mising design correctness. For implementations 
using an engineering workstation, AMCC pro- 
vides MacroMatrix software. MacroMatrix works 
in conjunction with the most popular worksta- 
tions to provide the following capabilities: 


e Schematic Capture & Logic Synthesis 
Logic Simulation 

Pre-Layout Delay Estimation 

Array and Technology-Specific Rules Checks 
Estimated Power Computation 

e Preliminary Package Pinouts 


Upon submission of the design database to 
AMCC, a comprehensive review of the circuit is 
performed making use of the same EWS and 
MacroMatrix tools used by the designer. No 
translation of the logic data is required so the 
chance of non design-related errors is virtually 
eliminated. 


CUSTOM MACROS 


To further enhance the functionality of the Q24000 
Series macro library, AMCC has developed MDS. 
Macro Development System (MDS) uses a "cor- 
rect by construction” approach to develop macros 
that meet all the pertinent design rules. As indi- 
vidual circuit applications warrant, macros with 
unique characteristics can be developed rapidly 
and used to optimize the array design. 


BICMOS EVALUATION KIT 


AMCC has developed the BICMOS Evaluation 
Kit to facilitate reliable assessment of the 
Q24000 Series BiCMOS Logic Arrays. The 
Evaluation Kit consists of a Q24021 Design 
Verification Chip, multi-layer high performance 
board, miniature coax cables and 50 ohm input 
terminators. The user need not develop a test 
board or special hardware to use the Evaluation 
Kit. Evaluation features include: 


e ECL I/O Pair Delay 


e TTLI/O Pair Delay 

e D Flip-Flop Toggle Frequency 

e D Flip-Flop Set-Up and Hold Time 

e Ring Oscillators for Internal Macro Delays 
e Fanout Delay Loading Penalty 

¢ Metal Delay Loading Penalty 

¢ Simultaneous Switching Outputs 
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Evaluation Kits are available through AMCC’s 
Regional Sales Manager 


AMCC DESIGN SERVICES 


In addition to supporting design work at the 
designer’s location, AMCC also offers custom- 
ers the option of working at the San Diego De- 
sign Center. At the Design Center, engineers 
have access to the same sophisticated CAE/ 
CAD tools supported for customer site designs 
plus direct contact with a dedicated applications 
engineer to assist with the array implementation. 


AMCC also provides a number of additional sup- 

port services including: 

e Full Design Implementation Service 

e Local and Factory Applications Engineering 
Support 

¢ Comprehensive Training Courses 

¢ Complete Design Documentation 


Figure 12. AMCC Design Options 


Your 
Design 
Engineer 


Develops Works Jointly Submits 
oan | mealies | aussie 
implementation 


Using 
MacroMatrix Design Center 


RELIABILITY 


Reliability is created through stringent design re- 
views followed by vigorous characterization and 
qualification testing of new products and pro- 
cesses. Prior to building first customer designs, 
AMCC institutes high temperature operating life 
testing to achieve a high equivalent number of de- 
vice hours. During production, life testing and ther- 
mal stress testing are run on production released 
designs to ensure that reliability of the proven de- 
sign is maintained. The ongoing Rel Program 
monitors the quality and reliability of production 
released products manufactured by AMCC. 
Samples are chosen from normal military and 
commercial hi-rel production device runs. From 
the accumulated data, device family reliability data 
can be estimated by using the Arrhenius equation 
model. Specific information about test conditions 
and activation energy assumptions are available 
from AMCC’s reliability brochure. 
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AIMS 


Recommended Operating Conditions — Military 


ECL Supply Voltage 
(VEE) Vcc=0 
10K, 10KH Mode 
100K Mode 
ECL Input Signal 
Rise/Fall Time 
TTL Supply Voltage (Vcc) 
TTL Output Current Low (lo:) 
Operating Temperature 


ECL Supply Voltage 
(VEE) Vcc=0 
10K, 10KH Mode 
100K Mode 


ECL Input Signal 

Rise/Fall Time 
TTL Supply Voltage (Vcc) 
TTL Output Current Low (lo) 
Operating Temperature 


Junction Temperature 


* -5.7V is possible. Consult AMCC for ECL 100K DC 
parametrics operating at this voltage. 


Junction Temperature 


Absolute Maximum Ratings! 


ECL Supply Voltage Veg (Vcc = 0) -8.0 VDC 
ECL Input Voltage (Vcc = 0) GND to Veg 
ECL Output Source Current (continuous) -50mA DC 
TTL Supply Voltage Voc (VEE = 0) 7.0V 
TTL Input Voltage (Veg = 0) §.5V 

; -55°C (ambient) 
Operating Temperature to +125°C (case) 1 Long term exposure at these limits may result in permanent 
Operating Junction Temperature Ty +150°C damage to the circuits. Actual circuit operation at these 
Storage Temperature -65°C to + 150°C conditions is not recommended nor implied. 


AC Electrical Characteristics 


Mi 
Test COM 07/+70°C | -55°/+125°C 
symbol dan adel Conditions [wn | MAX [MIN | MAX. 
Standard | Sloads S| dT 4 |LOG | Uns | 
-ECL ECL Input Propagation Delay Including Buffer 
ie ac a ae gh Speed toads ag 7 Tons 
to-Tt. | TL Input Propagation Delay Including 3 loads eae ae 
IFO Buffer (Std.) |HighSpeed loads 1.8 g 
Y topnECt | ECL Output Propagation Dela es ee se ee ee 
TTL Output [Standard = (|S Tl CS || 68 | ons | 
fopp Propagation Dela [HighSpeed | Spf | [| 52 | {| 55 { ns | 
2 loads 
Toggle Freque 
| 160 | __{ 135 { Mbz | 


Standard 3 loads fe ey 
-ECL 
akan op Neal aoe aah [High Speed | Sloads {| | 210 { | 180 | Muz | 
FouECt =| ECL Output Frequency at Package Pin Te 
m (tr LowPower | dloads 
= pet regency at ence 6 Standard 3 loads 
‘ Low Power 
Fort — | TTL Output Frequency at Package Pin Seniaa 


LS pt 
LS pt 
| toz, __| Enable time to high level | Fig. 9 
|_tpz, _| Enable time to low level Fig. 10 
| Fig. 9 
| Fig. 10 


in 
Disable time from high level 


es 
eed 
Retiee 
ea 
Bees 
aa 
Ee 
ae 


Tambient 


50 | oc 


Voc-2000 


a as ea: el 
eS ae ee eee 
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AMES 


ECL 100K Input/Output DC Characteristics V_e- = -4.5V° 


Comm 0°/+70°C MIL -55°/+125°C 
| MIN [TYP| MAX | MIN [TYP] MAX_| 


Parameter Test DC Conditions 


TYP 
Output Voltage HIGH| Loading is 50 Ohms to-2V.—-[Vcec_1035| | Vcc-850 |Vcc-1080| _| Vcc-835 
Output Voltage LOW | Loadingis 50 Ohmsto-2V_ [Vcc-1900| _ | Voc-1605| Vec-2000] _ | Vec-1595 


Input Voltage HIGH | Maximum Input Voltage HIGH] Voc-1145| | Vcc-800 |Vcc-1145| | Vcc-800 
Input Voltage LOW__| Maximum Input Voltage LOW |Vec-1950 [| Vec-1475 | Voc-1475| mvV_| 


TTL Input/Output DC Characteristics 
ms 


rear ion —[BapreegrorImome Tao Pan Lv 
reavonsniow | eapreegroatowemee [Tea [Teal 


| Vix _| Input Clamp Diode Voltage | Voc =Min, lin =-18MA ee f-12{ | -8 {| -12] V_ 
| 2.4 | 3.4 | 
el eens: 
Output “off? C t HIGH 
utput “off? Curren 

ae 60} | s0| so] | 50] 
REEF OTOL yeumvar-eor | | [| 0] | | 
| Any —_[ Input Current HIGH |Voc=Max,Vin=2.7V | | CT 50 | PAT 
| ly) —_| Input Current HIGH at Max Voc = Max, Vin = 5.5V a ee a ee 

Input Current LOW |Voc=Max,Vin=o5V TT a ee 

Output Short Circuit Current = Max, Voy = 0.5V | -25 | | | -25 | | -100 | 


1 Data measured with Ver = -5.2 + .1V (or Vog = 5.0 + .1V for +5V ref. ECL 10K assuming a +50°C rise between ambient (T ,) and junction 
temperature (T,) for -55°C, 0°C, +25°C, and +70°C, and a +25°C rise for +125°C. Specifications will vary based upon T ,. 

See AMCC Packaging and Design Guides conceming V,,, and Vp, adjustments associated with TJ for packages and operating condi- 
tions. 

2 Per fan-in. 

3 Data measured at thermal equilibrium, with maximum T, not to exceed recommended limits. See AMCC Packaging Guide to compute T, 
for specific package and operating conditions. For +5V ref. ECL 100K, Vo,, and Vo, specifications will vary based upon power supply. 
See AMCC Design Guide for adjustment factors. 

4 Typical limits are at 25°C, Vo, = 5.0V. 

5a These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

5b Use extreme care in defining input levels for dynamic testing. Many outputs may be changed at once, so there will be significant noise at 
the device pins and they may not actually reach V,, or V,,, until the noise has settled. AMCC recommends using V,, < 0.4V and V,,, 2 2.4V 
for dynamic TTL testing and Vj yy ANd Viisay for ECL testing. 

6 For standard speed options only. 
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~ PRELIMINARY DEVICE 
SPECIFICATION 


BiCMOS LOGIC ARRAY WITH PHASE-LOCKED LOOP 


AME = 


FEATURES 

e On-chip phase-locked loop with VCO 
operating at 160 to 320 MHz 

e 720 gates of customizable digital logic 

e Support for up to 10 TTL outputs at up to 
80 MHz 

¢ Support for PECL and ECL outputs up to 
210 MHz 

e TTL outputs have less than 400 ps maxi- 
mum skew (with balanced routing and 
loading) 

e Utilizes proven Q24000 Series macro 
library | 

e TTL, CMOS and +5V ECL capability 

e Speed/power programmable I/O macros 

¢ Maximum 1 ns of phase error 

e Upto 100% gate utilization of digital logic 

¢ Typical power less than 1 Watt 


¢ 28/44/68 PLCC, 44 LDCC, 44/68 Ceramic 
J-Lead Cerquad, 52 PQFP packages 


APPLICATIONS 
¢ Clock generation and distribution 
¢ Frequency synthesis 
e CMOS ASIC system clock deskewing 
¢ High-speed microprocessor systems 
e Backplane clock deskew and distribution 


GENERAL DESCRIPTION 


The AMCC Q24P008 logic array combines 
proven AMCC 1.0 micron BiCMOS logic array 
technology with an internal phase-locked loop to 
provide a high performance, low power solution 
for synchronous clock generation, distribution, 
and deskewing applications. 


Use of a simple off-chip filter allows an entire 
160 to 320 MHz phase-locked loop (PLL) to be 
implemented on-chip. Utilizing the PLL, the 
Q24P008 supplies sufficient resources to sup- 
port the generation of up to 10 TTL outputs op- 
erating at frequencies of up to 80 MHz. ECL or 
PECL output levels can be used for frequencies 
up to 210 MHz. Custom 1/O levels can also be 
implemented in a custom output macro for non- 
standard or low-swing I/O interfaces. TTL out- 


Q24P008 | 


puts with less than + 200 ps of maxim!:'1 skew | 
(implementation dependent, based on equal 
loading) are available, and a test enable input 
allows users to bypass the VCO and provide 
their own external clock. 


An extensive library of SSI and MSI logic mac- 
ros is available for use on the digital portion of 
the array, in conjunction with the rest of AMCC’s 
MacroMatrix® design kit. Using the library ele- 
ments, functions can easily be assembled to op- 
erate with the phase-locked loop to meet 
specific application needs. MacroMatrix is avail- 
able for use with today’s leading EWS and CAE 
tools. 


Maximum PhaseEror |S 
Max it Toggle Frowoncy ‘| _280NRe 
Tal irputDey +t «Ore 
Typical ESL nputDoty «te 
Typical TH OupetDeny teers 


ECL Compatible Output Drive oo | 


TTL Compatible Output Drive 8, 20, 24 mA 


Equivalent Gates — 720 
Flip Flop Method 


Internal Logic Cells a 


Fixed Power/Ground Pads (Digital) 
Total Pads 
Typical Power Dissipation 


< 1W 


THIS DEVICE SPECIFICATION IS AN ADDENDUM TO THE Q24000 SERIES DATA SHEET. REFER TO THAT DOCUMENT FOR ADDITIONAL INFORMATION. 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


Page 8-37 


Page 8-38 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


Sales Information 9 


Page 9-2 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


AMCC SALES OFFICES 


INTERNATIONAL SALES 


Applied Micro Circuits Corp. 
Corporate Headquarters 
6195 Lusk Blvd. 

San Diego, CA 92121 

Tel: 619/450-9333 

FAX: 619/450-9885 


NORTHEAST 


Applied Micro Circuits Corp. 
25 Burlington Mall Road 
Suite 300 

Burlington, MA 01803 

Tel: 617/270-0674 

FAX: 617/221-5853 


NORTHWEST/SOUTHWEST AREA 


Applied Micro Circuits Corp. 
950 S. Bascom Avenue 
Suite 1113 

San Jose, CA 95128 

Tel: 408/289-1190 

FAX: 408/289-1527 


NORTHWEST DISTRICT 


Applied Micro Circuits Corp. 
Five Centerpointe Drive 
Suite 100 

Lakes Oswego, OR 97035 
Tel: 503/624-4918 

FAX: 503/624-9103 
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AMGG 


MID-AMERICA, ARIZONA & 
NEW MEXICO 


Applied Micro Circuits Corp. 
840 E. Central Parkway 
Suite 120 

Plano, TX 75074 

Tel: 214/423-7989 

FAX: 214/424-6617 


SOUTH ATLANTIC 


Applied Micro Circuits Corp. 
Atrium Executive Center 

80 Orville Drive 

Bohemia, NY 11716 

Tel: 516/244-1460 

FAX: 516/244-1464 


EUROPEAN APPLICATION 
ENGINEERING OFFICE 


AMCC European Applications Office 
Applied Marketing and Technology, Ltd. 
Saville Court, Saville Place 

Clifton, Bristol BS8 4EJ 

United Kingdom 

Tel: 011/44-272-239567 

FAX: 011/44-272-237598 
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NORTH AMERICAN SALES REPRESENTATIVES 


ALABAMA 


Electronic Marketing Assoc., Inc. 
7500 South Memorial Parkway 
Suite 215A | 
Huntsville, AL 35802 

Tel: 205/880-8050 

FAX: 205/880-8054 


ARIZONA 


Quatra Associates, Inc. 
4645 S. Lakeshore Drive #1 
Tempe, AZ 85282 

Tel: 602/820-7050 

FAX: 602/820-7054 


CALIFORNIA 


Littlefield & Smith Assoc. 
11230 Sorrento Valley Road 
Suite 115 

San Diego, CA 92121 

Tel: 619/455-0055 

FAX: 619/455-1218 


Taarcom 

451 N. Shoreline Blvd. 
Mt. View, CA 94043 
Tel: 415/960-9604 
FAX: 415/960-1999 


Taarcom 

735 Sunrise Ave., #200 
Roseville, CA 95661 
Tel: 916/782-1776 
FAX: 916/782-1786 


Premier Tech. Sales, Inc. 
14978 Sand Canyon Avenue 
Suite 2A 

Irvine, CA 92718 

Tel: 714/262-0522 

FAX: 714/262-0601 


Premier Tech. Sales, Inc. 
13218 J Fiji Way 

Marina Del Rey, CA 90292 
Tel: 310/821-7878 

FAX: 310/821-4070 


Page 9-4 


CALIFORNIA (Con’t.) 


Premier Tech. Sales, Inc. 
1730 Carlson Lane 
Redondo Beach, CA 90278 
Tel: 310/372-1452 

FAX: 310/798-0302 


CANADA 
(Vancouver, B.C.) 


Componts West 

4020 148th Ave., N.E. 
Suite C 

Redmond, WA 98052 
Tel: 206/885-5880 
FAX: 206/882-0642 


Electronic Sales Professionals, Inc. 


5936 Third Line Road, North 
RR#3 

North Gower, Ontario 
CANADA KOA 2T0 

Tel: 613/489-3379 

FAX: 613/489-2778 


COLORADO 


Luscombe Engineering Co. 
1500 Kansas Avenue 
Suite 1B 

Longmont, CO 80501 

Tel: 303/772-3342 

FAX: 303/772-8783 


Luscombe Engineering Co. 
6239 Northwoods Glenn Drive 
Parker, CO 80134 

Tel: 303/841-7478 

FAX: 303/841-7328 


CONNECTICUT 


Dynamic Technologies 
49 Peter Road 
Southbury, CT 06488 
Tel: 203/262-6220 
FAX: 203/262-6330 


FLORIDA 


Photon Sales, Inc. 
1600 Sarno Rd., Ste. 21 
Melbourne, FL 32935 
Tel: 407/259-8999 
FAX: 407/259-1323 


GEORGIA 


Electronic Marketing Assoc., Inc. 
6695 Peachtree Industrial Blvd. 
Suite 101 

Atlanta, GA 30360 

Tel: 404/448-1215 

FAX: 404/446-9363 


IDAHO 


Components West 

16300 SW Hart Road, Suite G 
Beaverton, OR 97007 

Tel: 503/642-9110 

FAX: 503/642-9592 


ILLINOIS 
Phase II Marketing 


2220 Hicks Road, Suite 206 


Rolling Meadows, IL 60008 
Tel: 708/577-9401 
FAX: 708/577-9491 


(Southern Illinois) 
Markline Technologies 
15615 Ballentine 
Overland Park, KS 66221 
Tel: 913/681-0880 

FAX: 913/681-3494 


INDIANA 


Corrao Marsh, Inc. 

6211 Stoney Creek Drive 
Fort Wayne, IN 46825 
Tel: 219/482-2725 

FAX: 219/484-7491 
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NORTH AMERICAN SALES REPRESENTATIVES 


IOWA 


Customer 1st 

2950 Metro Drive 

Suite 110 | 
Bloomington, MN 55425 
Tel: 612/851-7909 

FAX: 612/851-7907 


KANSAS 


Markline Technologies 
15615 Ballentine 
Overland Park, KS 66221 
Tel: 913/681-8880 

FAX: 913/681-3494 


KENTUCKY 


Corrao Marsh, Inc. 
3063 West U.S. 40 
Greenfield, IN 46140 
Tel: 317/462-4446 
FAX: 317/462-6568 


MAINE 


CompRep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
FAX: 617/329-6395 


MARYLAND 


DGR, Incorporated 
1447 York Road 

Suite 401 

Lutherville, MD 21093 
Tel: 410/583-1360 
FAX: 410/825-5579 


MASSACHUSETTS 


CompRep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
FAX: 617/329-6395 
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MINNESOTA 


Customer 1st 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 
FAX: 612/851-7907 


MISSISSIPPI 


Electronic Marketing Assoc., Inc. 


6600 Six Forks Road 
Suite 201 

Raleigh, NC 27613 
Tel: 919/847-8800 
FAX: 919/848-1787 


MISSOURI 


Markline Technologies 
1000 Lakes St. Louis Blvd. 
Lake St. Louis, MO 63367 


Tel/FAX/Voice Mail: 314/625-6222 


MONTANA 


Components West 

4020 148th Avenue, N.E. 
Suite C 

Redmond, WA 98052 
Tel: 206/885-5880 
FAX: 206/882-0642 


NEVADA 


Taarcom 

735 Sunrise Ave., #200 
Sacramento, CA 95661 
Tel: 916/782-1776 
FAX: 916/782-1786 


NEW HAMPSHIRE 


CompRep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/829-3454 
FAX: 617/329-6395 
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NEW JERSEY 


Comp-Tech Sales, Inc. 
232 Boulevard, Suite 11 
Hasbrouck Hts., NJ 
07604-1902 

Tel: 201/288-7400 
FAX: 201/288-7583 


NEW MEXICO 


Quatra Associates, Inc. 

600 Autumnwood Place S.E. 
Albuquerque, NM 87123-4347 
Tel: 505/296-6781 

TAX: 505/292-2092 


NEW YORK 


(Metro New York) 
Comp-Tech Sales, Inc. 
232 Boulevard, Suite 11 
Hasbrouck Hts., NJ 
07604-1902 

Tel: 516/593-2628 
FAX: 201/288-7583 


Quality Components 
116 Fayette Street 
Manlius, NY 13104 
Tel: 315/682-8885 
FAX: 315/682-2277 


Quality Components 
3343 Harlem Road 
Buffalo, NY 14225 
Tel: 716/837-5430 
FAX: 716/837-0662 


NORTH CAROLINA 


Electronic Marketing Assoc., Inc. 
6311-106 Hadley Green Drive 
Charlotte, NC 28210 

Tel: 704/552-6535 

FAX: 704/552-1011 


Electronic Marketing Assoc., Inc. 
6600 Six Forks Road 

Suite 201 

Raleigh, NC 27613 

Tel: 919/847-8800 

FAX: 919/848-1787 
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NORTH AMERICAN SALES REPRESENTATIVES 


NORTH DAKOTA 


Customer 1st 

8841 East Research Center Road 
New Hope, MN 55428 

Tel: 612/533-5604 

FAX: 612/533-5632, Ext. 0364 


OHIO 


Norm Case Associates 
21010 Center Ridge Road 
Rocky River, OH 44116 
Tel: 216/333-0400 

FAX: 216/333-0403 


OKLAHOMA 


Logic 1 Sales, Inc. 
200 East Spring Valley 
Suite A 

Richardson, TX 75081 
Tel: 214/234-0765 
FAX: 214/669-3042 


OREGON 


Components West 
16300 SW Hart Road 
Suite G 

Beaverton, OR 97007 
Tel: 503/642-9110 
FAX: 503/642-9592 


PENNSYLVANIA 


(Pittsburgh Area) 

Norm Case Associates 
21010 Center Ridge Road 
Rocky River, OH 44116 
Tel: 216/333-0400 

FAX: 216/333-0403 


Delta Technical Sales, Inc. 
122 N. York Road 

Suite 9 

Hatboro, PA 19040 

Tel: 215/957-0600 

FAX: 215/957-0920 
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RHODE ISLAND 


CompRep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
FAX: 617/329-6395 


SOUTH DAKOTA 


Customer ist 

8841 East Research Center Road 
New Hope, MN 55428 

Tel: 612/533-5604 

FAX: 612/533-5632, Ext. 0364 


TENNESSEE 


Electronic Marketing Assoc., Inc. 
6600 Six Forks Road 

Suite 201 

Raleigh, NC 27613 

Tel: 919/847-8800 

FAX: 919/848-1787 


TEXAS 


Logic 1 Sales, Inc. 
200 East Spring Valley 
Suite A 

Richardson, TX 75081 
Tel: 214/234-0765 
FAX: 214/669-3042 


Logic 1 Sales, Inc. 
9111 Jollyville Road 
Suite 112 

Austin, TX 78759-7433 
Tel: 512/345-2952 
FAX: 512/346-5309 


Logic 1 Sales, Inc. 
4606 FM 1960 West 
Suite 320 

Houston, TX 77069 
Tel: 713/444-7594 
FAX: 713/444-8236 


UTAH 


First Source 

2688 Willow Bend Drive 
Sandy, UT 84093 

Tel: 801/943-6894 
TAX: 801/943-6896 


VERMONT 


CompRep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
FAX: 617/329-6395 


VIRGINIA 


DGR, Incorporated 
541 Dunkirk Road 
Baltimore, MD 21212 
Tel: 410/377-4788 
FAX: 410/377-4789 


WASHINGTON 


Components West 

4020 148th Avenue, N.E. 
Suite C 

Redmond, WA 98052 
Tel: 206/885-5880 

FAX: 206/882-0642 


WISCONSIN 


Phase II Marketing 

11040 West Bluemond Road 
Wauwatosa, WI 53266 

Tel: 414/771-9986 

FAX: 414/771-9935 


(Western Wisconsin) 
Customer 1st 

2950 Metro Drive 

Suite 110 

Bloomington, MN 55425 
Tel: 612/851-7909 
FAX: 612/851-7907 
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AMCC EUROPE & ISRAEL 


AM&T, Ltd. 

Saville Court, Saville Place 
Clifton, Bristol BS8 4EJ 
England 

Tel: 44/272-237-594 

FAX: 44/272-237-598 


UNITED KINGDOM 


AMEGA Electronics, LTD. 
Loddon Business Centre 
Roentgen Road 

Daneshill East 

Basingstoke, Hampshire 
RG24 ONG, United Kingdom 
Tel: 44/256-843-166 

FAX: 44/256-842-956 


ITALY 


ACSIS s.r.l. 

Via Alberto Mario, 26 
20149 Milano Italy 
Tel: 39/248-022-522 
FAX: 39/248-012-289 


FRANCE 


A2M 

Siege Social 

5 Rue Carle Vernet 
92315 Sevres Cedex 
France 

Tel: 33/1-46-237-903 
FAX: 33/1-46-237-923 


GERMANY 


Tekelec Airtronic GmbH 
Kapunzinerstrasse 9 
80337 Munich 
Germany 

Tel: 49/89-516-40 
FAX: 49/89-535-129 
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INTERNATIONAL SALES REPRESENTATIVES 


SWITZERLAND/AUSTRIA 


Abalec SA 
Grabenstrasse 9 
CH-8952 Schlieren 
Switzerland 

Tel: 41/17309801 
FAX: 41/17300455 


DENMARK 


EXATEC 

Milparken 20E 
DK-2740 Skoviunde 
Denmark 

Tel: 45/44-92-7000 
FAX: 45/44-92-6020 


ISRAEL 


EIM 

2 Hashiloach Street 
P.O. Box 4000 

Petach Tiqva 

Israel 49130 

Tel: 972-3-923-3257 
FAX: 972-3-924-4857 


JAPAN 


Teksel Co., Ltd. 
Kanagawa Science Park 
R&K, C-4F 3-2-1, Sakado 
Takatsu-Ku 
Kawasaki-Shi, Kanagawa 
PREF 213, Japan 

Tel: 81/44-812-7430 
FAX: 81/44-812-7433 


Teksel Osaka Office: 

Shin Osaka Chiyoda Building 
Bekkan | 

4-4-63 Miyahara, Yodogawa-ku 
Osaka-shi, Osaka 532, Japan 
Tel: 06/391-8661 

FAX: 06/391-8684 


6195 Lusk Blvd., San Diego, CA 92121 © (619) 450-9333 


JAPAN (Con't) 


Teksel Kyusyu Office: 
Ohhashi Center Building, 3F 
1-2-3, Ohhashi, Minami-ku 
Fukuoka-shi 

Fukuoka 815, Japan 

Tel: 09/25-423-498 

FAX: 09/25-423-506 


Teksel Nagano Office: 
OAU Building, 3F 
2-1-22 Tenjin, Ueda-shi, 
Nagano 386, Japan 
Tel: 02/68-237-411 
FAX: 02/68-237-412 


KOREA 


SEBO Trading Company 
3rd Floor Jae Young Bidg. 
408-14, Seokyo-Dong, 
Mapo-Ku 

Seoul, Korea 

Tel: 82/2-326-0854 

FAX: 82/2-326-0856 


MALASIA 


Gates Engineering, PTE, Ltd. 
1 Syed Alwi Road. #0402 
Song Lin Building 

Singapore, 0820 

Tel: 65/299-9937 

FAX: 65/299-7636 


TAIWAN 


Johnson Trading & Engineering Co. 
10F-3, 293, Sec. 2 

Fu-Hsing S. Road 

Taipei, Taiwan, R.O.C. 

Tel: 88/62-7331211 

FAX: 88/62-7336889 
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MAP TO CORPORATE HEADQUARTERS 


NORTH 


MAP NOT TO SCALE 


From the airport take I-5 north to Hwy. 52 east to I-805 north. 
Exit at Mira Mesa Blvd. to Lusk Blvd. 


Corporate Headquarters Address: 
Applied Micro Circuits Corporation 
6195 Lusk Boulevard 
San Diego, CA 92121 


(619) 450-9333 


Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 * (619) 450-9333 Page 9-9 


AIM 


. AV == 


“@eeppied Micro Circuits Corporation 


Applied Micro Circuits Corporation 
6195 Lusk Boulevard 

San Diego, CA 92121 

(619) 450-9333 

(800) PLL-AMCC 

FAX (619) 450-9885 
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recycled paper 


